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BIPOLAR MICROCOMPUTER COMPONENTS 
DATA BOOK 


This data book describes a series of high complexity bipolar digital building blocks designed specifically for implementing 
high performance computer or controller systems. The series offers a system designer the maximum flexibility for achieving 
cost-effective hardware designs from dedicated, highly specialized unique systems with tailored instructions to general- 
Purpose computers capable of emulating existing machine instructions, or programs, without loss of software investment. 


{n addition to a choice between the high-performance Schottky? TTL 4-bit slice processor element, the unique performance 
flexibility of an 12L 4-bit slice processor element, or a 16-bit computer central processing unit (CPU), the system designer can 
pick from a full family of Schottky TTL memories (RAMs, PROMs and ROMs), and state-of-the-art support functions needed 
to meet all control and interface requirements. 


The SN54S/74S481, with a clock cycle time of 100 ns, is the industry’s highest complexity Schottky TTL processor element, 
and the only bipolar micro/m.acroprogrammable element featuring automatically sequenced iterative multiply and divide and 
cyclical-redundancy algorithms. 


The SBPO400A and the SBPO401A, integrated injection logic (I2L) bit slices with complete TTL/MOS compatilbillty, can 
operate at a constant speed-power product over a wide range of supply current therein offering an unmatched Jevel of 
performance flexibility. 


The SBP9900 microprocessor, a ruggedized monolithic parallel 16-bit (I2L) central processing unit (CPU), combines an 
advanced memory-to-memory architecture, a powerful minicomputer instruction set, user-programmable speed/power 
performance with the simplicity of a single power supply and static logic with a single phase clock to thrust its capabilities 
beyond those of existing microprocessors. 


The family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient solutions 
for virtually any size microcontrot or program memory. 


System control is simplified to a very low package count with the expandable SN54S/74S482 4-blt slice controller 
performing next-address generation functions coupled with system status decoding performed by the industry’s most versatile 
field-programmable logic arrays, the SN64S/74S330/'S331. 


A number of advanced high-complexity 1/O and interface circuits have been added to the series. Most of these !/O and 
interface functions eas well as a number of the other processor support functions are offered in space saving 20-pin packages 
which reduce package count and enhance system density. 


Although this volume offers design and specification data only for bipolar computer components, complete technical data for 
any TI semiconductor/component product are available from your nearest Tl field sales office, local authorized TI 
distributor, or by writing direct to: Marketing and Information Services, Texas Instruments Incorporated, P. O. Box 5012, 
MS 308, Dallas, Texas 76222. 


We sincerely hope you will find the Blpolar Microcomputer Components Data Book a meaningful addition to your technical 
library. 


tintegrated Schottky-Barrier diode- T | me = ees Boas 
clamped transistor bs patented by EXAS INSTRU me products descr’ in tl 

Texas Instruments. U. &. Patent Neo M ENTS document are In the developmental 
Number 3,463,876. POST OFFICE BOX 8012 ¢ DALLAS, TEXAS 75222 stage, and Tenas Instruments reserves 


the right to change these specifice- 
tions in any manner, without notices. 
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NUMERICAL INDEX 


TYPE NUMBERS SECTION PAGE TYPE NUMBERS SECTION PAGE 
SBPO400A 2 1 SNS548299 SN74S299 5 9 
SBPO401A 2 1 SNS4LS300A SN74LS300A 4 19 
$BP9S00 3 1 SNS4S300A SN74S300A 4 19 
SN5488A SN7488A 4 7 SN54$301 SN74S301 t 
SN54186 SN74186 T SNS4LS302 SN74LS302 4 19 
SN54187 SN74167 4 7 SNS4LS314 SN74LS314 4 25 
SN54S188 SN74S188 4 1 SN74S314A 4 25 
SN54S189 $N74S189 4 15 SN54S314 SN74S314 4 25 
SNS54LS2004 SN74LS200A 4 19 SN54LS315 SN74LS31S 4 25 
SN54S200A SN74S200A 4 19 SN54S330 $N74$330 § 13 
SN54S201 SN74$201 t $NS4S331 SN74$331 Ss 13 
SN54LS202 SN74LS202 4 19 SNS4S370 SN74$370 4 7 
SNS4L$207 SN74LS207 4 3 SN54S371 SN74$371 4 7 
SN54S207 SN74$207 4 vn SNS4S$373 $N74$373 s 26 
SNS4LS208 SN74L$208 4 DI SN$4S374 SN74S374 5 26 
SNS4S208 SN74S208 4 hy SN54S387 SN74S387 4 1 
SNS4LS214 SN74L$214 4 25 SNS4S400 SN74S400 4 37 

SN74S214A 4 25 SN54S401 SN74S401 4 37 
SNS4S214 SN74S214 4 25 SN54S412 SN74S412 5 30 
SN54LS215 SN74LS215 4 2s SN74S428 5 35 
SN54$225 $N74S225 4 39 SN74S433 5 35 
SNS54S226 SN74S226 5 1 SNS4S470 SN74S470 4 1 
SN54S$240 SN74S$240 5 5 SNS4S471 SN74$471 4 1 
SN54S241 SN74$241 s) E) SNS4S472 SN74S$472 4 1 
SN54S270 $N74$270 4 7 SNS4S473 SN74S473 4 1 
SNS4S271 $N74$271 4 7 SNS54S474 SN74S474 4 1 
SN54S287 SN74S287 4 1 SNS4S475 SN74S475 4 1 
SN54S2B88 SN74S268 4 1 SNS4S481 SN74S481 1 1 
SNS4S289 SN74S289 4 1S SNS54S482 SN74S$482 5 4 


TNot recommended for new designs, For data sheets, see The Semiconductor Memory Daw Book for Design Engineers. For new designs, refer 
al tor Tl*a advanced Schottky PROM and ARAM families. 


to section 4 of thle man 
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INTRODUCTION 


This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories, and (2) 
operating conditions and characteristics including letter symbols). The terms, symbols, abbreviations, and definitions 
used with memory integrated circuits have not, as yet, been standardized. All are currently under consideration by the 
EIA/JEDEC (Electronic Industries Association) and the IEC (International Electrotechnical Commission). The 
following are as consistent with the past and future work of these organizations as is possible to anticipate at this time. 


PART | — GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES 
Chip-Enable Input 


A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation, 


refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby 
mode, 


NOTE: See “chip-select input’. 


Chip-Select Input 


A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE. See ‘“‘chip-enabte input”. 


Dynamic (Read/Write) Memory 


A read/write memory in which the cells require the repetitive application of control signals in order to retain stored 
data 


NOTES. 1. The words “read/write” may be omitted from the term when no misunderstanding will result. 
2. Such repetitive application of the control signals is normally called a refresh operation. 
3. A dynamic memory may use static addressing or sensing circuits. 


4. This definition applies whether the control signals are generated inside or outside the integrated circuit. 
First-In First-Out (FIFO) Memory 


A memory from which data bytes or words can be read in the same order, but not necessarily at the same rate, as that 
of the data entry. 


Gate Equivalent Circuit 


A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of 
individual logic gates that would have to be interconnected to perform the same function. 


Large-Scale Integration, LS! 


A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 


context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 


Mask-Programmed Read-Only Memory 


A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the 
data content thereafter being unalterable. 


a ES TD 


1271 
viii TEXAS INSTRUMENTS 
INCORPORATED 
POST OFFICE BOM 5012 + DALLAS. TEMAS 75222 


1276 


GLOSSARY 
TTL TERMS AND DEFINITIONS 


Medium-Scale Integration, MSI 


A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent 
gates or circuitry of similar complexity. 


Memory Cell 


The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be 
stored, and from which it can be retrieved. 


Memory Integrated Circuit 


An integrated circuit consisting of memory cells and usually including associated circuits such as those for address 
selection, amplifiers, etc. 


Output-Enable Input 


A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated 
circuit output(s) to be at a high impedance (off). 


Programmable Read-Only Memory (PROM) 


A read-only memory that after being manufactured can have the data content of each memory cell altered once only. 


Random-Access Memory (RAM) 
A memory that permits access to any of its address locations in any desired sequence with similar access time for each 


location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 


Read-Only Memory (ROM) 


A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term “read-only memory” implies that the content is unalterable and defined 


by construction. 


Read/Write Memory 


A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may 
be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input signals. 


Small-Scale Integration, SSI 
Integrated circuits of less complexity than medium-scale integration (MS1). 


Very-Large-Scale Integration, VLSI 


A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether 
digital or linear, is considered to be one that contains 1000 or more gates or circuitry of similar complexity. 


Volatila Memory 


A memory the data content of which is lost when power Is removed. 
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PART I! — OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 


The symbols for quantities involving time use upper and lower case letters according to the following historically 
evolved principles: 


a. Time itself, is always represented by a lower case t. 


b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 


c. Multiple subscripts are upper case when each letter stands for a different word, e.g., SR for sense recovery 
and PLH for propagation delay from low to high. 


Access Time (of a memory) 


The time between the application of a specified input pulse during a read cycle and the availability of valid data signals 
at an output. 


Example symbology: 


talad) Access time from address 
ta(E) Access time from chip enable 
ta(S) Access time from chip select 


Clock Frequency 


Maximum clock frequency, fmax 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transistions of logic level at the output with input conditions established that should cause changes 
of output logic level in accordance with the specification. 


Current 


High-level input current, I) } 
The current into® an input when a high-level voltage is applied to that input. 


High-level output current, loH 
The current into” an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-level input current, Ij. 
The current into® an input when a low-level voltage is applied to that input. 


Low-level output current, IoL 
The current into” an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Off-state output current, IQ{off) 

The current flowing into” an output with input conditions applied that according to the product specification will 
cause the output switching element to be in the off state. 

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits. 


*Current out of a terminal is given as a negative vaive. 
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Off-state (high-impedance-state) output current (of a three-state output), 1Oz 
The current into” an output having three-state capability with Input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 


Short-circuit output current, los 
The current into® an output when that output is short-circuited to ground (or other specified potential) with input 
conditions applied to establish the output logic level farthest from ground potential (or other specified potential). 


Supply current, Icc 
The current into® the Vcc supply terminal of an integrated circuit. 


Cycle Time 


Read cycle time, te(rq) (see note) 
The time interval between the start and end of a read cycle. 


Read-write cycle time, te(rd,wr) (see note) 
The time interval between the start of a cycle tn which the memory is read and new data are entered, and the end of 
that cycle. 


Write cycle time, te(wr) (see note) 

The time interval between the start and end of a write cycle. 

NOTE: The read, read-write, or write cycle time is the actual interval between two impulses and may be insufficient 
for the completion of operations within the memory. A minimum value is specified that is the shortest time in 
which the memory will perform its read and/or write function correctly. 


Hold Time 


Hold time, th 

The interval during which a signal is retained at a specified input terminal after an active transition occurs at another 

specified input terminal. 

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended 
result. A minimum value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element is 
guaranteed. 


Output Enable and Disable Time 


Output enable time (of a three-state output) to high level, tpZy (or low level, tpz_) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. 


Output enable time (of a three-state output) to high or low level, tpz7x 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


Output disable time (of a three-state output) from high level, tp}y4z (or low level, tp_z) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 


three-state output changing from the defined high (or low) level to a high-impedance (off) state. 


“Currant out of a torminal Is given os a negative value, 
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Output disable time (of 5 three-state output) from high or low level, tpxZ 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


Propagation Time 


Propagation dalay time, tpp 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 


Propagation delay time, low-to-high-level output, tPLH 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 


Propagation delay time, high-to-low-level output, tpHL 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level to the defined low level. 


Pulse Width 


Pulse width, tw 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 


Example symbology: 


twicir) Clear pulse width 
tw(wr) Write pulse width 


Recovery Time 


Sense Recovery time, tsp 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the 
output. 


Release Time 


Release time, trelease 

The time interval between the release from a specified input terminal of data intended to be recognized and the 
oceurrence of an active transition at another specified input terminal. 

Note: When specified, the interval designated “release time’’ falls within the setup interval and constitutes, in effect, a 
negative hold time. 


Setup Time 


Setup time, ty 

The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive 

active transition at another specified input terminal. 

NOTES: 1, The setup time is the actual time between two events and may be insufficient to accomplish the setup. A 
minimum value is specified that is the shortest interval for which correct operation of the logic element is 
guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of the 
logic element is guaranteed. 
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Transition Time 


Transition time, low-to-high-level, tTLH 
Tha time between a specified low-level voltage and a specified high-level voltage on a waveform that Is changing from 
the defined low level to the defined high level. 


Transition time, high-to-low-level, tTHL 
The time between a specified high-level voltage and a specified low-level voltage on a waveform that Is changing from 
the defined high level to the defined low level. 


Voltage 


High-level input voltage, Vin 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of the 
logic element within specification limits is guaranteed. 


High-level output voltage, VoH 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a high level at the output. 


input clamp voltage, Vik 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 


Low-level input voltage, Vit 

An input voltage fevel within the less positive (more negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the 
logic element within specification limits is guaranteed. 


Low-level output voltage, VOL 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a low {evel at the output. 


Negative-going threshold voltage, VT— 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage falls from a level above the positive-going threshold voltage, VT+. 


Off-state output voltage, VO(ot#) 

The voltage at an output terminal with input conditions applied that according to the product specification will cause 
the output switching element to be in the off state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


On-state output voltage, VO(on) 

The voltage at an output terminal with input conditions applied that according to the product specification will cause 
the output switching element to be in the on state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


Positive going threshold voltage, VT+ 
The voltage level at a transition-operated input that causes operation of the logic element according to specification as 
the input voltage rises from a level below the negative-going threshold voltage, VT_. 
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The following symbols are used in function tables on Tl! data sheets: 


H = high level (steady state} 

L = low level (steady state) 

. transition from low to high level 

e transition from high to low level 

= value/level or resulting value/level is routed to indicated destination 

= value/level is re-entered 

. irrelevant (any input, including transitions) 

h «= the level of steady-state inputs at inputs A through H respectively 

= level of Q before the indicated steady-state input conditions were established 
= complement of Qo or level of T betore the indicated steady-state input conditions were established 
= level of OQ before the most recent active transition indicated by } or t 


one high-level pulse 


Lieeer oie 
a 


= one low-level pulse 


TOGGLE = each output changes to the complement of its previous level on each active transition indicated by 
tort. 


a a TD 
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INTRODUCTION 
ARCHITECTURAL FEATURES 


The SN54S481, SN74S481 are Schottky TTL 4-bit expandable paretle! binary micro/macroprogrammable processor 
element building blocks designed specifically for implementing high-performance digital computers/controllers. The 
‘S481, with Its ability to efficiently emulate existing systems, can be used to upgrade hardware performance with full 
compatibility to protect the software investments. 


Designed with full paralle! dual input/output ports, the memory-to-memory architecture of the ‘S481 provides a new 
dimension in interrupt processing or program context switching flexibilities. Its static bipolar logic performs each 


microinstruction within a single 100 ns clock cycle. 


Primary among the ‘S481 architectura! features are: 


e Microprogrammable, bit-slice design is expandable in 4-bit multiplies 

e Full parallel dual input/output ports for use in advanced memory-to-memory architecture 
e Full-function ALU with carry look-ahead, magnitude, and overflow decision capabilities 
e Double-length accumulator with full shifting capability and sign-bit handling 

e Oual memory address generators on-chip. 


OPERATIONAL FEATURES 


The functional capabilities, characterized by the 24,780 unique operations of the ‘S481, coupled with its 
macroprogrammable multiply and divide algorithms, make the ‘S481 particularly attractive for implementing 
advanced high performance computers and controllers. 


In addition to the full parallel data bus structure, the ‘S481 architecture also features asynchronous access to data 
routing and counter updating controls which, when combined with the most versatile instruction set available (see 
operational description) maximizes flexibility, efficiency, and performance. Simultaneous compound operations in 
the form of an ALU function with shift, plus destination selection with address/iteration updating, plus address and 
present data to memory can be accomplished in a single microcycle. Some other operational features are: 


e Simultaneous one-clock compound operations with status can reduce microcycies and improve throughput 

e Pre-programmed multiply, divide, and CRG algorithms 

e Performs 16-bit by 16-bit double-precision divide in less than 3 microseconds 

e Double tength accumulator with full bidirectional single/double precision arithmetic/logical/circulate shift 


capabilities include sign protection 


° Full-micro-operational control is provided for programming: address updating, data and address source 
selection, and direct transfer of data to working register or working memory 


e Relative position control defines bit-slice rank and sign handling in N-bit applications. 


MECHANICAL FEATURES 


The ‘S481 is supplied in a high-density 48-pin package with the qud pin rows formed on 600- and 800-mil centers. 
Within each of the four rows pin spacing Is 100-mils, center-to-center. See mechanical data for detailed dimensions. 


DESIGN GOAL 1 
This document provides tentative Information 
on 8 product In the developmental stags. Texss 
Instruments reserves the right to changs or 
discontinue this product without notice, 


TABLET 
FUNCTIONAL DESCRIPTIONS 


PINNUMBER | PIN NAME INPUT. OUTPUT, OR 


INPUT/OUTPUT 


PIN FUNCTION 


BI/O0, BI/O1 | 4-bit parallel data input port to the B latch, o: 4-bit parallel data 
BI/O2, 81/03 | output for the L-bus vshen not being used as an input. 


AlQ, A 4-bit parallel data input port to the A latch and WA 
Al2, Al 


OPO, OP1 OPO through OPS serve as 2 10-bit parallel operation-salect input to 
OP2, OP3 the micro-decode logic array. In the most-significant position, OPB 
OP4, OPS and OP9 additionally serve as open-collector outputs during multi- 
OP6, OP7 ply ond divide atgorithms. In the least-significant position, OPO 
OPS, OPS terves as an Open-collector output during the CAC algoriuinm. 


Single S-volt power-supply termina’. Supply Voltage Pin 


Inputs/Outputs 


Ovrects internal and input output end-conditions required to define 
the relative position of each bit-sice when N-SN74S481's ore 
cascaded to implement Nx4-bit word lengths. Wren biased at 2.4 
volts, the package operates as the teast-significant (LSP) slice, when 
grounded, +t lumctions as an intermediate (IP) slice: and when high, 5 
volts, 1t functions as the most-s.gnifrcant iMSP) siice 


In least-significant and intermed:ale positions outputs arithmetic 
carry generate {Y) for use with ‘ook-ahead. Im most-significant 
Postion Outputs true arithmetcally-create:-than signal. 


In feast-sigmificant and imtesmed:ate positions outputs arithmetic 
carry propagate (X) for use with look-ahead. In most-significant 
Postion Outputs true logically greater-than segnal. 
Outputs low-active nipple catry data. 


Outputs true lactive-high) equality of &° bus equals zero for each 
4-bit slice. The open-coliector output permits wire-AND 10 achieve 
Na4-bil equality Outpul. 


When low, data apphed at the Al port coincident with the 1 clock 

trannton is loaded ino ine WA 

Working register ond L-bus shift interconnectivity pins. WRAT Bidirectional 1/0 
receves left-shift and outputs right-shift (true) data. WRLFT 


receives right-shift and outputs left-shift (true) data. Shift con be 
single-precision, double-precision, ssgned or unsigned. 


Open-Collector-Output 


XWART, 
XWRLFT 


Eatended working regiter shift interconnectivitly pins. XWRAT 
receives left-shift and outputs cight-shift (true) data. XWRLFT 
receives right-shift and outputs left-shift (true) data. Shift con be 
sing'e-precis:on, double-precision, signed or unsigned. 
Selects one of three DOP sources (WR, XWR, or &-bus) or places 
the DOP outputs in a8 high-.mpedance state 

bit parallel, data-out port. DOPO is LSB. 


Bidirectional 1/0 


J-state outputs 


When low, enables the MC to increment as directed by CTI on the 


mext! 


clock transition. ¥ihen high. inhibits MC to hold mode As 
common to MC and PC, the FAC should be inhibited when 
PC is enabled. 
| 36 GND | Common or ground terminal tor the supply voltage | 
In least-significant and intermediate postions a lov-level output 
indicates that either the PC or MC is at maximum count As TCO is 
common for both PC and MC ambiguous carry can be avoided if one 


CTOIOV 
inputs. In the most-significant position, a high-level output, 


or both counters is/are disabled by the INCPT and/or INCMC 
depending on the operation selected, indicates thot the WA, XWA, 


or ALU will overflow (OV) on the next clock. 
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FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 


TABLE 1 (Continued) 
INPUT, OUTPUT, OR 
PIN NUMBER | ewan PIN FUNCTION INPUT/OUTPUT 
3 9 AOPO, AOPI 4-bit parallel address-out port. 
40, 41 AOP2, AOPI 


[42 Selects one of two AOP sources (PC or MC). 


When low, enables the PC to increment as directed by CCI on the 
next | clock transition, When high, inhibits PC to hold mode. As 
€CO is common to PC and MC, the PC should be inhibited when 
MC 1s enabled. 


Cc When high, enables the transparency of A and 8 input latches. When 
low, laiches A and B input date. Clocks synchronous registers and 
counters on the positive transition. 

81/0 SEL 


When low, enables BI/O to output Y-bus data. When high, the B1/0 
Output drivers are placed in a high-impedance state permitting B1/O 
10 be used as data inputs. 


| ao Pteeut 
ei In least-significant position, a love input directs enabled PC or 
enabled MC to increment by one on next f clock transition. In the 
LSP, a high directs enabled PC or enabled MC 10 increment by 2. In 
other positions, a low is a carry input and a high inhibits the 
counter. 
fee a 
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DETAILED FUNCTIONAL DESCRIPTIONS 
MICRO-DECODING LOGIC ARRAY 


The micro-decoding logic array is a dedicated 11 input PLA decoding 73 product terms to generate 24 control lines 
needed to implement the 14 operation forms. The eleven inputs consist of the ten operation select lines (OPO through 
OP9) and the ALU carry input. The carry input, utilized as an additional operation select line during operation forms 
not performing arithmetic functions, maximizes system pin efficiency and functional density. 


In an expanded word-length system (two or more °S481's), operation select inputs 8 (OPS) and 9 (OP9) assume an 
input/output capability in the most-significant or least-significant package as a result of the position control and the 
type of operation being performed. During microprogrammable operation forms | through 1X, OP8 and OP9 function 
simply as another input; but, during the macroprogrammable operations of forms X through XIV one or both become 
an output during iterations. Table 2 summarizes by operation form the control (output) package and the operation 
lines which are used as an output. 


TABLE 2 
MSP OP8 and OPS ITERATIVE FUNCTION SUMMARY 


CONTROL 
OP. FORM ALGORITHM 
PACKAGE 
All 


I thru IX 


CRC ACCUMULATION OUTPUT 
SIGNED OIVIDE OUTPUT OUTPUT 
UNSIGNED DIVIOE INPUT OUTPUT 
UNSIGNED MULTIPLY INPUT OUTPUT 
SIGNED MULTIPLY OUTPUT OUTPUT 


If the macroinstructions are to be used in an expanded word length, OPB and OP9 select lines of the MSP and the OP9 
line of the LSP should be driven trom either a 3-state output (which can be placed in high-impedance state) or an 
open-collector output (which can be wire-OR’ed with the OP select I/O tines). During an iterative function for which 
the OP line is designated as an open-collector output, the OP line driver should be placed in a high-impedance or 
off state permitting the output function to drive similar OP lines in the remaining packages. 


The output state of OP8 or OP9 is a function of on-chip status decoder as enumerated in the flow diagrams illustrating 
the five algorithms. 


RELATIVE POSITION CONTROL (POS) 


The single line position control, with the ability of decoding one of three input logic states, provides each ‘S481 in an 
expanded word length system with the capability of identifying its relative position. The relative positions, with the 
corresponding input logic levels are enumerated in Table 3. 


TABLE 3 
POSITION CONTROL FUNCTIONS 


POS INPUT 


iN 
LoGic LEVEL RELATIVE POSITIO! 


736V MOST-SIGNIFICANT POSITION (MSP} 
18Vto3V LEAST-SIGNIFICANT POSITION (LSP) 
<08V INTERMEDIATE POSITION (IP) 


2.3 


2.4 


This relative position identification dictates how each ‘S481 in the system handles the multi-purpose 1/0 
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers 
are explained in detail under shift/circulate transfer multiplexers. 


TABLE 4 
DUAL-FUNCTION LOGIC 1/0 PINS 


TCO touT) CCO touT) 


X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 


LG (OUT) 
AG (OUT) 
OVERFLOW [0UT) 


CLOCK 


The clock synchronizes the entry or change of data in the ‘S481 registers and counters, and it controls the status of 
the A and B input latches. A typical clock cycle is illustrated in Figure 2. The low-to-high transition of the clock input 
is the clocking edge for any combination of either the working register, extended working register, flag flip-flops, and 
the program counter or the memory counter activated by the resident operation. During the low-level portion of the 
clock input, both input latches are latched ensuring data stability at the positive clock transition. After the clock has 
gone to a high level, the input latches are placed in a transparent mode to accept the next set of input data. 
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FIGURE 2 — CLOCK CYCLE 
LATCHED DATA INPUT PORTS 
The SNS54S/74S481 features dual input ports combined with data flow paths which are designed specifically to reduce 
the number of system clock cycles needed to enter operands and/or data. Both the A and B input ports are latched, 


eliminating the need for external registers, to simplify interfacing directly with system data bus paths. 


The A input port data is made available to both the input latch and ne working register which allows A data to be 
loaded into the working register directly. 


2.5 


The B port is configured to serve as an input/output data path providing the capability to: 


a. {nput data to the B latch 
b. Output sum-bus data. 


This 1/0 port is designed specifically to simplify implementation of data transfers to the external working memory. 


Both the A and B latches are transparent when the ‘S481 clock input is high. Data applied at the A and B inputs 
should be stable anytime prior to or at least coincident with the falling edge of the clock input (see Figure 3). After 


the clock falling edge, the data inputs should be held steady for thold(data) OF longer to facilitate the on-chip clock 
buffers to latch the data. 
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FIGURE 3 — INPUT LATCHES SETUP/HOLD TIMES 


The A input port latch data is routed to the A input multiplexers, and the 6 input port latch data is sourced to both 
the A and B input multiplexers. 


A AND B OPERAND SOURCES 


The A and B input multiplexers source the ALU A’ and B’ ports through true/complement conditional inverter 


circuits. Data routing for each, illustrated and listed in Figure 4, provides the ALU with access to the true or 
compiement of: 


ALU A’ PORT 


ALU B’ PORT 
A input latch B input latch 
8 input latch Sum bus 


Working Register 
Low logic level inputs 
(force zeros) 


fant et eee 


Working register 
Extended working register 
Program counter 

Low logic level inputs 
(force zeros} 


AHaWN = 


The A and B multiplexers and true complement circuits, under control of the resident operation code, are selectable 
at the microprogram level. The number of A or B multiplexer sources available depend upon the specific operation 
being performed by the ‘S481. Operation form descriptions contain detailed microprogramming. 


The A and B input multiplexers, with selectable true and complement operand sources, maximizes the processing 


power of the ‘S481 by minimizing the active components needed to achieve both the simple but highly flexible data 
routing tasks and full ALU capabilities. 


A OPERAND SOURCES 
AIN 


A LATCH 


TO WR 


A’ TOALU 


B OPERAND SOURCES B INPUT/OUTPUT 


SUM BUS 
(FROM ALU) 

FROM 
LOGIC 
ARRAY 


8° TO ALU 


FIGURE 4 — ALU OPERAND SOURCES 


A INPUT SELECTIONS 
AINA‘ 
AINA’ 

LOGIC ONE'S A’ 


LOGIC ZERO'S >A’ 


BINA’ 
BINA’ 
WR A’ 
WR aA’ 


B INPUT/OUTPUT SELECTIONS 


BIN -=B' 
BIN=>B’ 

LOGIC ONE’S 8 
LOGIC ZERO'S » B’ 
(B IN) - (WR) 8" 
(BIN) - (WR) > B’ 
WR» B' 

WR > B’ 

(B IN) *(XWR) > B’ 
(B IN) -(XWA) > 8° 
XWR > B' 

XWR > B’ 

(BIN) + (PC) > B’ 
(BIN) - (PC) > B’ 
PCB’ 

PC > B' 


2.6 


ARITHMETIC/LOGIC UNIT (ALU) 


The 4-bit, parallel, binary arithmetic/logic unit provides the arithmetic/Boolean operand combination/modification 
mechanism including magnitude and overflow status. The ALU performs, as directed by the resident operation form, 
one of four basic functions which, when combined with the operand selections et the A and B multiplexers, extends 
the arithmetic/logic capabilities to that of 2 full 16-function ALU. 


When compared to other bit-slice processor elements, unique to the ‘S481 arithmetic architecture are the parallel 
input ports and fully microprogrammable symmetry for all ALU functions within the selections of the A and B input 
multiplexers. 


Logical and arithmetic operation forms for the ‘S481 are shown in Table 5. The full functional power of the ‘S481 
can be visualized only if it is understood that although both ALU‘s have parallel A and B input ports, the ‘S481 
architecture not only provides access to multiple sources but has the capability to route true or complement of any 
source to the A and B ALU port. This means that for a subtract operation, the subtrahend may be either an A or B 
input. In addition to maximizing data routing capabilities of the ‘S481 at minimum logic/gate levels, this architecture 
permits fully symmetrical operations to be performed on the A or B sources within the selections offered by these 
‘$481 arithmetic/logical operation forms. 


TABLE 5 
"$481 ALU AND LOGIC FUNCTIONS 


TWO'S COMPLEMENT INTEGER ARITHMETIC OP'S oon eae as Mut 


| Arorr | eronr | cist Tee oor [ eX:NOR | 


oO 

MINUS 1 

MINUS 1 
MINUS 1 MINUS 2 
APLUS 1 A 
A AMINUS 1 
MINUS A MINUS A MINUS 1 
MINUS A MINUS 4 MINUS A MINUS 2 
BPLUS1 8 
8 BMINUS1 
MINUS B MINUS B MINUS 1 
MINUS 8 MINUS 1 MINUS B MINUS 2 
APLUSB PLUS 1 APLUSB 
AMINUS 6 A MINUS @ MINUS 1 
8 MINUS A 8 MINUS A MINUS 1 
MINUS A MINUS B MINUS 1 MINUS A MINUS B MINUS 2 
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Some unique one-clock arithmetic/iterative capabilities of the ‘S481 are listed in Table 6. 


TABLE 6 
EXTENDED ALU FUNCTIONS OF ‘S481 


A(ALU] 8+ WA 
AtALU) B+ XWA 
A{ALU) B= PC 


A{ALU] B OOUBLE-PRECISION SHIFTED LOGICAL LEFT OR RIGHT 


A (ALU) B SINGLE-PRECISION SHIFTED LOGICAL OA ARITHMETIC 
LEFT OR RIGHT 


Table 5 also indicates the 16 logical combinations of two Boolean variables which are selectable for the OR, NOR, and 
exciusive-NOA functions. Full symmetry of the ALU and the ability to select the complement of input data extends 
the logic functions for performance of: 


NAND 

AND 

Exclusive-OR 

Mixed combinations of each 

Transfer functions for true or inverted data 
All ones or all zeros. 


>gaoge 


2.7 ALU MAGNITUDE AND CARRY FUNCTIONS 


The ‘S481 ALU is fully decoded on chip to generate three magnitude outputs (status lines) and both ripple and 
look-ahead carry functions. The magnitude outputs and their status indications are as follows: 


2.7.1 Equal (EQ, See Figure 5) 


The results of the resident ALU operation are compared at the sum-bus for all bits high during subtract and left-shift 
arithmetic operations, or for all bits low during other operations. 
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FIGURE 6 — EQUAL OUTPUT 


27.2 Logically-Greater Than (LG, See Figure 6) 


In the most-significant package (MSP) the X look-ahead function from the ALU is inhibited and the 
logically-greater-than (LG) output is enabled. See Figure 6. The MSP LG output is active during arithmetic and shift 
operation forms to provide a status indication that can be used when it is desirable to compare two unsigned integer 
numbers. The specific status for each operation form is listed in Table 7. 
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FIGURE 6 — MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 


TABLE 7 
MSP LOGICALLY-GREATER-THAN (LG} OUTPUT 


OP FORM TYPE OF OP LG = H INDICATES 
Vor It (ARITH) S-BUS + ZERO (EQ - L) 
ALL 


I (ARITH WITH SHIFT) USL, ASL E-8US ¢ ZERO (EQ = LI 
ADDER COUT 
IV. V, of VIISHIFTSI Al ¢ ZERO (EQ + L) 


Vit (COMPARE) Pp oABTTC™C~C“‘“RSSCOSANISUG THANE 
po op:AC“‘(S*SOBISUGTHANA 
VII (LOGICAL) E-BUS + ZERO (EQ © L) 


Lxinoor | ZERO ¥ BUS LG = L (EQ < HI 
X THRU XIV HAROWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION 


2.7.3 Arithmetically-Greater Than (AG, See Figure 7} 
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In the most-significant package (MSP) the y look-ahead function from the ALU is inhibited and the 
arithmetically-greater-than (AG) output is enabled. The MSP AG output is active during arithmetic and shift operation 
forms to provide a status indication that can be used when it is desirable to compare two signed integer numbers. The 
specific status for each operation form is listed in Table 8. 


LOGICAL OPERATIONS 


AG (MSP) 
OUTPUT 
yo 


MSP 
L FOR ARITH OPERATIONS 
H FOR LOGICAL OPERATIONS 


M-HIGH LEVEL, L-LOW LEVEL 
X AND Y ARE CARAY LOOK-AHEAD FUNCTIONS 


FIGURE 7 — MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUT 


TABLE 8 
ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUTS 


LSP ANO IP 


OPERATION FORM 


“BUS #0] ¥-BUS >O 


ARITHMETIC OPERATIONS: 


MINUEND ¢ C-IN 
SUBTRACTION WITH LSA OA ASA 5 | ‘ 7 IS AG THAN 


ALt OTHER ARITHMETIC 


Mand Y are carry look ahead functions. 


2.8 


OPERAND OVERFLOW 

In the most-significant package (MSP) the counter-carry output (CCO) function from the program/memory counter is 
inhibited and the overflow (OV) output is enabled. The MSP OV output is active during arithmetic and shift operation 
forms to provide a status indication that the result of the operation cannot be correctly represented with the number 
of bit positions available. When the OV output goes high, it indicates that the next clock will: 


a. During arithmetic operations, cause the ALU to overflow. 
b. During left-shift arithmetic operations, cause the shifted register to overflow. 


Table 9 enumerates the specific indicators generated. 
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TABLES 
MSP OVERFLOW (OV) OUTPUT 


Vor tl (ARITH) ADD or SUB ALU OVERFLOW 
LSL, RSL ALU OVERFLOW 


[ORSAY ee es [OW | 
LSA NEXT CLOCK WILL CAUSE 
SHIFT OVERFLOW 
NEXT CLOCK WILL CAUSE 
SHIFT OVERFLOW 
ov 
UNDEFINED 
UNDEFINED 


10) (ARITH WITH SHIFT) 


1V, V, or Vi (SHIFTS) 


Vil (COMPARE) 


VIL (LOGICAL) 


X THAY XIV HARDWIRED ALGORITHMS SEE OPERATION FORM 
DESCRIPTIONS 


ALL OTHERS 


H- bigh level, L tow lovel 


SUM’ BUS MULTIPLEXER 


The sum’-bus multiplexer, sourced by the ALU, provides a means for accomplishing a shift operation on the ALU 
operand without affecting the contents of WR, XWR, PC or MC (See Figure 8). Functionally, this multiplexer can be 


used to: 
a. Shift the operand left or right (one bit position) arithmetic, logical, or circulate 
b. Pass the operand without shift to the >" bus. 
FROM ALU 


cour 
TO WALFT MUX AND TO WART 
XWALFT MUX MUX 
FROM 
XWALFT’ MUX 
FROM FROM 
WRLET MUX WARY 
r'MuUK 


TO. DO MUX, PC, MC, WR MUX, XWA MUX, ISTATE BUS 


FIGURE 8 — SUM BUS MULTIPLEXER 


Full sign protection and fill-in is provided in the MSP and LSP under control of the relative position inputs. 


Information on the 2’ bus can be accessed during some operations through the 3-state L’ bus contro! buffer at the B 
input/output port. 


The paratiel data input ports and the 1/O capability of the 8 port, combined with the y-bus access, provides 
considerable flexibility for performing simple shifts or combinations of operation-and-shift on data or operands 
resident in the external working memory locations. 


2.10 B-INPUT/OUTPUT CONTROL 


The B-input/output port is isolated from the sum’ bus by a 3-state control buffer when the buffer outputs are at a 
high-impedance. Enabling the buffer routes the sum’ bus data to the B-port. The low-current inputs of the B port 
latch minimizes loading effects, and the buffers can source 6.5 mA or sink 10 mA of drive current in the output 
mode. During the output mode, the ‘bus data can be latched in the 8 input latch. Enabling or disabling is 
accomplished by the I/O control input. See Table 10 and Figure 9. 


TABLE 10 
B-INPUT/OUTPUT CONTROL 


1/0 CONTROL 1/0 BUFFER OUTPUT 


SUM’ BUS DATA 
HIGH-IMPEOANCE 


x3 r'2 D1 z'0 


BI/O 
SELECT 


B1/03 BI/o2 BI/O1 Bi/O0 


$Y 


TO BI/O PORT 


FIGURE 9 — 8-INPUT/OUTPUT CONTROL 


2.11 WORKING REGISTER 


The working register (WR) is a 4-bit D-type register which functions as an accumulator during iterative arithmetic 
Operations or as a temporary holding register tor intermediate operands (see Figure 10). it is sourced by the WR 
multiplexer. Storage of setup data, under control of the resident operation forms which permit the WR to be a 
destination, occurs on the positive transition of the clock. WR shifting capabilities are implemented in the WR 
multiplexer. The working register can be selected to source the data-out port multiplexer (DO MUX), A-input 
multiplexer (A MUX), or B-input multiplexer (B MUX). The MSB of the WR is sourced to the WRLFT MUX, and the 
LSB of the WR is sourced to the WRAT MUX to facilitate expansion. 


aly 


sRON 


WhUPT Mux 


wa 
MUK 


wR 


WwW 
tae yin 


UK 


TO WALFT 
um 


—— / 


TO CONUK, A MUX, B MUX 


FIGURE 10 — WORKING REGISTER (WR) AND WA MULTIPLEXER 


An asynchronous control line, CDWA, is available to facilitate toading the working register directly from the A input 
port in combination with the resident micro-operation. 


2.12 WORKING REGISTER MULTIPLEXER (WA MUX) 


The working register multiplexer provides source selection, including the bidirectional shifting capability, for the 
working register. See Figure 10. Under direction of the resident operation, the WR MUX asynchronously selects 
either: 

a. A input port for direct loading 

b. 2’ bus for ALU operand results 
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2.13 


2.14 


c. Hold mode for no change 

d. Shift left 

e. Shift right 
End conditions for both shift teft and shift right operations are routed to or from WA MSB (WR3) or WRLSB (WAO) 
to the WRLFT/WRLFT’ multiplexers or to the WARRT/WRAT’ multiplexers respectively. 


EXTENDED WORKING REGISTER 


The axtended working register (XWR) is a 4-bit D-type register which functions primarily as an extension of the 
working register to provide the double-precision operation capabilities needed for iterative multiply and divide 
routines (see Figure 11). Additionally, the storage capabilities of the XWR are available for use as another temporary 
holding register for intermediate operands during a number of the sing!e-precision operation forms. It is sourced by 
the XWR multiplexer. Storage of setup data, under control of resident operation forms which permit the XWR to bea 
destination, occurs on the positive transition of the clock. XWR shifting capabilities are implemented in the XWR 
multiplexer. The XWR can be selected to source the data-out port multiplexer (OO MUX), B-input multiplexer (B 
MUX), or the XWR multiplexer (XWR MUX). The MSB of the XWR is sourced to the XWRLFT’ MUX, and the LSB 
of the XWR is sourced to the XWRRT’ MUX to facilitate expansion. 


FROM . 
XARLFT MUX naOKe 


wa 
MUX 
WR 
1 
TO KWALET XWARAT 
mux MUX 


TO. DO MUX, B MUX 


FIGURE 11 — EXTENDED WORKING REGISTER (XWR) AND XWR MULTIPLEXER 


EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 


The extended working register multiplexer provides source selection, including the bidirectional shifting capability, 
for the extended working register (see Figure 11). Under direction of the resident operation, the XWR MUX 
asynchronously selects either: 

a. =’ bus for ALU operand results 

b. Hold mode for no change 
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ce. Shift left 
d. Shift right. 


End conditions for both shift left and shift right operations are routed to or from XWR MSB (XWR3) or XWR LSB 
{XWAO) to the XWRLFT/XWRLFT' multiplexers or to the XWART/XWRAT’ multiplexers respectively. 


2.14.1 =-Bus, WA, XWA MSB Shift Transfer Multiplexers 


The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT’, 
XWRLFT’ sum-bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3-state I/O lines 
of the WALFT and XWARLFT multiplexer outputs are under control of the resident operation code and the relative 


position control (POS). Data paths of the multiplexers are illustrated in Figure 12, and bit transfers with respect to 
each of the shift operations are enumerated in Tables 11 through 14. 


2.14.2 WRLFT, XWALFT Multiplexers 


The WRLFT, XWALFT input/output multiplexers facilitate routing of the working register, extended working 
register, or sum bus MSB out the WRLFT, XWRLFT 1/O's during output modes. In an input mode, the three-state 
output is ata high impedance permitting the WRLFT and/or the XWRLFT pins to be used as inputs. 


2.14.3 WRLFT’, XWRLFT‘ Multiplexers 


The WALFT’ multiplexer selects the source for either the sum bus or working register MSB. Sign bit protection and 
right-shift bit-fill functions are all handled on-chip by these multiplexers under contro! of the operation code and 
relative position. The WALFT’ sources are: 


WRLFT (input) 

ALU carry out (for sign-till) 

Low level (for zero-fill) 

XWRLEFT input 

XWR MSB 

WR MSB (sign-fill in for RSA) 
Sign fill in for RSA (see Figure 12) 


o©reange 


The XWRLFT multiplexer selects the source for XWR MSB and provides sign-bit protection and right-shift-fill 
functions for the XWR. The XWRLFT sources are: 


a. XWRLFT (input) 
b. WALFT 
c. XWR MSB ({sign-till in for RSA) 


214.4 WR, XWR LSB Shift Transfer Multiplexers 


The LSB shift transfers are accomplished by the WRRT, XWRAT input/output multiplexers and the WRAT’, 
XWART' sum-bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3-state I/O lines of 
the WRRT and XWRAT multiplexer outputs, are under control of the resident operation code and the relative 
position control (POS). Data paths of the multiplexers are illustrated in Figure 13. 
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2.14.6 WART Multiplexer, XWRAT Buffer 
The WART input/output multiplexer facilitates routing of sum-bus or working register LSB out the WRRT I/O during 
output modes. The XWRAT 1/0 buffer can access and source the XWR LSB. In an input mode, the three-state output 
is at a high impedance permitting the WRRT and/or XWRRT pins to be used as inputs. 

2.14.6 WRAT’, XWRRT’ Multiplexers 
The WRAT’ multiplexer selects either the WRRT input or a low logic level (fill) input as the LSB source for elther the 


working register or the sum-bus. The XWART’ multiplexer selects between the XWRAT input and low logic level (fill) 
input as the XWR LSB source. 


“S481 | 


SIGN-FILL FOR RSA 
FROM LOGIC ARRAY 


XWRLFT’ 
(TO XWA3) 
| FROM 
| XWR3 
| FROM LOGIC 
a ef a) OC a | 


FIGURE 12 — SUM-BUS, WR, XWA MS& SHIFT TRANSFER MULTIPLEXERS 
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TABLE 11 
WORKING REGISTER BIT TRANSFERS TO WRLFT/WRAT 


MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
WALFT WALFT WARRT WRAT | WALFT WALFT WRAT’ WART | WALFT WALFT’ WART’ WART 


LSL (SP) 2 
iSt (DPI XWR3 


WAS WRI x WRAT z 
ASL (SP) 2 WRLFT x WRO z WALFT x WRO z 
RCIA ISP) z WARLET x WwAO z WRLFT x WRO 


TABLE 12 
SUM-BUS BIT TRANSFERS TO WRLFT/WRAT 


MOST-SIGNIFICANT POSITION 
WRLFT WRLFT WART WART 


INTERMEDIATE POSITION 
WALET wacer WRAT’ WRAT 


LEAST-SIGNIFICANT POSITION 
WALFT WALFT’ WART’ WARRT 


SHIFT 
MODE 
=e 

LsutoP) xVIR3 x wrat 2 | x wART 2 x 2 

33 x WRAT Zz x WART Zz z 

LCIA (OP) xWiAI x WRAT z 4 WAAT z z 
z WRUFT x A) x ZO Fa WALFT a) 

WACFT x fx) Fa WALT x =O 

A 
RCIA (SP) 2 WALFT x 0 VRLFT x Sr) 

z 20 2 WARLET x 


wlo ole uw 


v 
w 


a 
WRLFT 
WALET 


NIN NINN 


RCIA (DP) 


KVIRALET x 


“VARIABLE © (53 - ALU OVERFLOW) + (C-OUT - ALU OVERFLOW) 


TABLE 13 
EXTENDED WORKING REGISTER BIT TRANSFERS TO XWALFT/KAWART 


WOST-SIGNIFICANT POSITION INTEAMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
MWALFT XWALPT’ XWART JOVART | KWARLFT 9 xXWALET xXWART’ XWART XWRLFT XWALFT' XWART' XWART 


ART 

XWAKT 
x RAT XWRAT 
x AeRAT xWRAT 


TABLE 14 
SUM.BUS BIT TRANSFERS TO XWALFT (MSP) 


SHIFT MOST-SIGNIFICANT POSITION 
MODE XWALFT’ XWRAT’ 


LSL (OP) 
LSA (SP) 
LSA (DP) z 


LCIR (OP) z= 
RSL (DP) Zz 
ASA (OP) 
RCIA (SP) 


NOTE: tnrermodate and Least-Significant Powtons are the samo a3 shown in Table 13, 
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FIGURE 13 — SUM-BUS, WR, XWR LSS SHIFT TRANSFER MULTIPLEXERS 
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2.15 


2.15.4 


2.15.2 
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SHIFT FUNCTIONS 


The ‘S481 contains the necessary controls and data paths to perform single or double length logical, arithmetic, or 
circulate bidirectional shift functions in a single clock cycle. Each of the six shift functions implemented are selectable 
by a single microinstruction; and, additionally two single clock operation forms are included which provide the 
capability of performing an add/subtract in conjunction with a shift. The six shift functions and the basic operation 
forms offering them are enumerated in Table 15. 


TABLE 15 
MICROPROGRAMMABLE SHIFT FUNCTIONS 


OPERATION FORMS 
ADD/SUBTRACT 
SIMPLE SHIFT 
FUNCTION WITH SHIFT 


SINGLE DOUBLE SINGLE DOUBLE 
LENGTH LENGTH LENGTH LENGTH 


vi 


LEFT CIRCULATE (LCIR) 
LEFT SHIFT ARITHMETIC (LSA) 
LEFT SHIFT LOGICAL {LSL) 
RIGHT CIRCULATE IRCIA) 
RIGHT SHIFT ARITHMETIC (ASA) 
RIGHT SHIFT LOGICAL (RSL) 


CIRCULATE (SHIFT) FUNCTIONS (MICROPROGRAMMABLE) 


Operation forms 1V and V provide the system designer with the capability of programming a single precision circulate 
{or rotate} of the £* bus, working register, or extended working register and operation form VI provides the capability 
of circulating or rotating a double-length word resident in the WA/XWRA. A single-bit-position left or right circulate is 
accomplished on each clock without the loss of any bits as the shift transfer multiplexers, under control of the 
resident operation and position input, interconnect the bus or register as illustrated in Figure 14. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for MSB -- LSB for single precision circulates and for transfers to or from the L’ bus or working register 
and the extended working register during double-precision circulates. Data flow between packages in an expanded 
word-Jength system is via the interconnected WRRT/WRLFT and XWRAT/XWRLFT terminals. 


ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation forms II, IV, V and VI provide the system designer with the capability of programming the following 
arithmetic shifts. 


Form II! — A single-precision arithmetic left or sign-protected right shift of the sum or difference of the A and 
B operands destined for either the WR or XWR. 


Form 1V — A single-precision arithmetic left or sign-protected right shift of the A operand destined for the ¥° 
bus. 


Form V — A single-precision arithmetic left or sign-protected right shift of the WR or XWR contents. 


Form VI — A double-precision arithmetic left or sign-protected right shift of the WR and XWR contents. 


SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 
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FIGURE 14 — CIRCULATE FUNCTIONS 
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2.15.3 


2.16 


2.17 
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A single-bit-position shift is accomplished on each clock with right-shift sign-protection and left shift LSB zero-fill 


Operations controlled by the shift transfer multiplexers under direction of the resident operation and the position 
input. See Figure 15. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to or from the ¥’ bus or working register and the extended working register during 
double-precision arithmetic shifts. Data flow between packages in an expanded word-length system is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLET terminals. 

LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation Forms 11, tll, 1V, V and VI provide the system designer with the capability of programming the following 
logical shifts: 


Form 1! — A double-precision left or right shift of the sum or difference of the A and B operands destined tor 
the WA in conjunction with the XWR. 


Form tll — A single-precision left or right logical shift of the sum or difference of the A and B operands 
destined for the WR or the XWR. 


Form IV — A single-precision left or right logical shift of the A operand destined for the ©’ bus. 
Form V — A single-precision left or right fogical shift of the WR or XWR contents. 
Form VI — A double-precision left or right logical shift of the \WR and XWR contents. 


A single-bit-position shift is accomplished on each clock with MSB and LSB fill operations controlled by the shilt 
transfer multiplexers under direction of the resident operation and the position input. See Figure 16. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to and from the *" bus or working register and the extended working register during 
double-precision logical shifts. Data flow between packages in an expanded word length system is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 


DATA-OUT PORT MULTIPLEXER (DO MUX) 


The data-out port multiplexer, Figure 17, provides selection for routing the contents of either the sum’-bus, working 
register, or extended working register to the parallel output port. Additionally, the multiplexer is equipped with 


state outputs providing the capability to isolate the ‘S481 from the system data bus. Source selections and 
high-impedance controls are detailed in Table 16. 


Each data output Is capable of sourcing 6.5 and sinking 10 milliamperes of drive current. 


MEMORY AND PROGRAM COUNTERS 


Dual counters provide the system designer with a processor element containing both an iteration counter and the 
capability of generating and/or storing locations of operands/data. 


Either counter can be loaded or preset to any value or result from the sum bus in operations forms as follows: 


SELECTABLE AS 


DESTINATION 
OP FORM PC MC 
' Yes Yes 
W No Yes 
Vu Yes No 


SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 
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FIGURE 15 — ARITHMETIC SHIFT FUNCTIONS 
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SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 
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FIGURE 16 — LOGICAL SHIFT FUNCTIONS 
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WRI WR2 WwAi WRO 


00P3 OOP2 DOP! oOorPO 


FIGURE 17 — DATA-OUT PORT MULTIPLEXER (DO MUX) 


Under control of the position (POS) TABLE 16 

input and the resident operation DATA-OUT PORT CONTROL 

code, the CCO/OV output facilitates 

cascading the program and memory CONTROL 

counters. In the least-significant and INPUTS SOURCE OR FUNCTION 


intermediate positions, the CCO pins rot | 


of lesser significant packages are 


connected to the CCI pins of more pus 
significant packages to complete the EXTENDED WORKING REGISTER 
counter interconnections to the WORKING REGISTER 


bit-size of the processor element. HIGH-IMPEOANCE 


The functionally identical program 

and memory counters, sharing @ 

common counter carry input (CCT) control pin and a common counter carry output (CTO) pin, feature individual 
control lines (TNC PC, [NC MC) which can be used to instruct either (but normally not both) or neither counter to 
increment on the next clock transition in any of the 14 operation forms. Additionally, the counter in the LSP, under 
command of the POS input, has the capability of incrementing its value by one or by two to facilitate the generation 
of even of odd address locations in a single clock cycle. Contents of the counters can be read out from the address out 
port asynchronously under control of the address output multiplexer (AQ MUX) select input. 


Typical counter functions with respect to package relative positions are shown in Figure 18. 


In the MSP, the CCO/OV output, as a result of the position (POS) control, becomes the ALU/shift overflow (OV) 
status output. 2 
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INPUTS COUNTER VALUE 


, rae 
[we re | INC MC | cc | LsP MC LSP PC MSP, IP MC MSP, IP PC 


H*HIGH LEVEL, L=LOW LEVEL, X*IRRELEVANT , + =LOW-TO-HIGH TRANSITION 


FIGURE 18 — PROGRAM AND MEMORY COUNTER FUNCTIONS 
2.18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 
The address-out port multiplexer, Figure 19, provides for direct parallel access to the contents of either the program 
or memory counter contents. A single sine controls selection as shown in Table 17. 


TABLE 17 
ADDRESS-OUT PORT CONTROL 


CONTROL 
COUNTER SELECTED 
INPUT AO 


L MEMORY 
PROGRAM 
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2.19 


3.1 


C3 MC3 PC2 MC2 PC1 MC1 PCO MCO 


AO 


AO3 AO2 AO! AO0 


FIGURE 19 — AODRESS-OUT PORT MULTIPLEXER (AO MUX) 
EXPANDING THE WORD LENGTH 


The ‘S481 processor element contains on-chip personality circuitry designed specifically to minimize the external 
discrete components required to cascade 4-bit slices to form larger word lengths. At the processor-element level, three 
external resistors are al} that is required: one to pull-up the open-collector outputs and two to establish the position 
control input voltage at the LSP. Figure 20 shows a typical 16-bit processor element and illustrates the parallel bus 
arrangements for I/O and control with an SN74S182 performing ALU look-ahead across the 16-bit word. 
Interconnectivity for the shift, arithmetic, and counter functions is accomplished by hardwiring the functions as 
shown. 


At the system level, standard techniques commonly employed for power-supply bypass, termination of unused pins, 
and system grounding of high-performance Schottky TTL systems are recommended. 


OPERATIONAL DESCRIPTIONS 

MICRO/MACRO.-OPE RATIONS 

The micro/macro-operations resident in the micro-decode logic array can be accessed with an eleven-bit 
operation-select word. Operational flexibility is maxtmized by the fact that the op-select word format has been 
defined individually for each of the 14 different operation forms. 

Operation Forms |, Il, and Il are primarity ALU functions. Forms tl and Il combine logical or arithmetic shifting 
functions with the ALU result. Form Ii can be used for double-precision shifting. Sources, specific ALU function, 


shift format, and destinations are detailed for each op-select word format. 


Forms IV, V, and VI perform either logical or arithmetic, bidirectional shifting of the single- and double- 
precision buses and registers. 


Form VII can be used to compare the magnitude of A source to B source, or B source to A source. 
Form VIII provides the capability to logically combine the values of the A and B sources. 


Form |X zeros the \* bus with the effect of providing no operation. 
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Forms X through X!V are macroprogrammable operations which provide: 


The 14 operation forms, symbols, and number of unique operations are detailed in Table 18. 


FORM 


vil 


vill 


x1 


XIV 


CRC partial sum update (normally clocks) 


Signed Divide (N + 3 clocks) 

Unsigned Divide {N + 1 clocks) 

N-bit-by-N-bit double-precision unsigned multiply (N clocks) 
N-bit-by-N-bit double-precision signed multiply {N clocks) 


eoaoo » 


TABLE 18 
OPERATION FORM SUMMARY 


MICRO/MACRO — OPERATION FORMS 


2%’ BUS ONLY 


A PLUS B PLUS ALUCIN —> 
WR, XWR, PC, OR MC 


B PLUS A PLUS ALUCIN DOUBLE-PRECISION SHIFTED ——» WR and XWR 


APLUS B PLUS ALUCIN SHIFTED ——> WR OR XWA 


A SHIFTEO ——» &’ BUS 


xWA 


| WA 
xwA SHIFTEO —* 


WR AND XWA DOUBLE-PRECISION SHIFTED ——> WA AND XwR 
A: BOR B: A (COMPARE) 
NOR 
A OR B—> WR, XWR, PC OR B IN/OUT 
EXx-OAR 
ZERO—* 2’ BUS (NO OP) 
CRC CALCULATION IN CLK TIMES, CRC PARTIAL SUM IN WA) 
N-B1T QUOTIENT (WITH A) SIGNED DIVIDE (N+3 CLK TIMES) 
N-BIT QUOTIENT (WITH A) UNSIGNED DIVIDE (N¢+1 CLK TIMES) 
N-BIT BY N-BIT OOUBLE-PRECISION UNSIGNED MULTIPLY (N CLK TIMES) 
N-BIT BY N-BIT OOUBLE-PRECISION SIGNEO MULTIPLY (N CLK TIMES) 


TOTAL OPERATIONS 


NO. OF OPS 


4,096 
8,192 


24,780 
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3.2. OPERATION FORM I — AOD/SUBTRACT — REGISTER 


Operation Form | is designed specifically to perform the addition or symmetrial subtraction of two operands. The 
Operation form shown in Figure 21, is composed of two distinct capabilities: 


FORM IA 
FORM IB 
FORMIA A PLUS B PLUS ALLCIN —= 2° BUS ONLY 
FORM [8° A PLUS B PLUS ALLZIN —= REGISTER 
A-SOURCE SEL 8 SOURCE SEL ACTIVE CARRY AEG DESTINATION SEL 
aN ox 
BU=8 NO CARRY 
B— 8B 
ae 
aca CIN Lk 


a-wA 8 
Bre wk = 6B 
vas 
vin 6° 

Bi xWR—B 
Bit aR B 
Xo —— 8° 
WAR Bt 
el-PC — B 
Bi- PC — B 
Pom at 


fT—.B 


CARhY INPUT 


rreerirer 
rererrzc 


L 
L 
L 
t 
H 
4 
Ll 
H 


1 OVELINSP) H 
Incheates thet opertna in process vel Grute 


ALU to Overtlae. 
ASYNCHRONOUS CONTROLS 


SEL B INPUT/QUTPUT* 
SEL DOP SOURCE 

SEL AOP SOURCE 
INCREMENT PC OR BIC 
INHIBIT PC AND/OR MC 
LOAD WR 


2 MAGNITUDE The > Buss compared te ZEEE 
Retultunt outpuls ate 
AG HIS BusArahmeticully » ZENO) 
LG Ht Bus» ZENO) 
€Q Hi: BUS ZENO) 


l L l L 
t L L tal 
L ‘ a L 
L L tal - 
L h l u 
L H t 4 
L n » L 
L Lad bh h 
H L ‘ L 
La L u H 
h L n c 
H L Lal bh 
co] 4 Ll L 
H H L H 
x 4 -, 

H 4 dq 


L 
n 


“B10 CAN BE USED AS OUTPLT —-—— 
HeHIGH LEVEL, L*LOW LEVEL = 3. C-OUT (MSP) = L 


Indicates ALU Carry Out, 


=" BUS 
- - iM P a - 
FIGURE 21 — FORM 1-ARITHMETIC OPERATIONS: A PLUS 6 PLUS ALUCIN \eccurany 


a. Form IA provides the capability of adding or subtracting two operands and routing the results to the 
2‘ bus. Symbolically, this operation can be expressed as: 


PLUS 
~y 
A Janus B PLUS ALUCIN - >’ BUS 


This form provides the capability of choosing from any one of the A and any one of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract. The example illustrated in Figure 
22 utilizes the I/O capability of the B input/output port. Input data at the Al or B I/O is setup and 
then latched into the ‘S481 A or B input latch on the negative transition of the ‘S481 clock. 


During Form tA operations, the contents of the extended working register are not changed and the 
working register may be saved or loaded directly. The program or memory counters under control of 
the asynchronous increment, inhibit, and LSP CCI can be saved or either may be incremented by one 
or two. Sources for the DOP and AOP are also selectable. 


SINGLE - POAT 

REGISTER FILE 

(170, ‘LS170, OR 
*LS670) 


"SABI 
PROCESSOR 


ENABLE 
MEMORY 
OATA 


TYPICAL CYCLE 
(READ. THEN. WRITE THE SAME AEGISTER) 


SYSTEM 
cLOocK 


N - COMMAND 


BIO SEL UNPUT) 


BO MEM. OATA 


al AF REAO DATA 


RF WRITE 
CONTROL 


LATCHED 
AI DATA 
IINTERNAL S481) 


ROY » IRRELEVANT 


FIGURE 22 — ‘S481 OPERATION WITH SINGLE-PORT REGISTER FILE 
The overflow and magnitude status lines are active as enumerated in Figure 21. 


Form |B provides the capability of adding or subtracting two operands and routing the results to one 
of the four ‘S481 storage destinations: the working register (WR), the extended working register 
{XWR), the program counter (PC), or the memory counter (MC). Symbolically, this operation can be 
expressed as: 


PLUS 


A | MINUS | 8 PLUS ALUCIN > REGISTEA 


This form provides the capability of choosing from any one of the A and any one of the B sources 
tIlsted in Figure 21 as the operands to accomplish the add/subtract. 
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3.3 


3.4 
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OPERATION FORM I! — ADD/SUBTRACT WITH OOUBLE-PRECISION SHIFT 


Operation Form II is designed specifically to perform one of two classical iterations used frequently to implement 
microprogrammed multiply and divide algorithms. This form provides the system designer with the capability of 
selecting a single microinstruction which will complete both the add-and-shift or subtract-and-shift functions ina 


single clock cycle. Available microinstructions are illustrated in Figure 23. Symbolically, Form |! operations can be 
represented as: 


(A PLUS B PLUS ALUCIN} SHIFTED > WR, XWR 
(B MINUS A MINUS 1) SHIFTED — WR, XWR 


Hardwired algorithms for double-precision multiply and divide routines can be selected in operation forms XI, XII, 
XII, or XIV. 


During Form I! operations the status, overflow, and asynchronous controls are the same as described for Form I. 


[A PLUS BI SHIFTEO —tm WA, XWAR 


(8 MINUS A MINUS 1) SHIFTEO —m WR, KWA 


DIRECTION 
a a pe f —__s. __ 
‘So CARRY) 


LSL IL BUS. AWA) —m WA, XA 
ASL IL BUS, XWAl—m WA, XWAR 


CNe. 
ASYNCHRONOUS "BIO CAN BE CARRY INPUT 
CONTROLS USED AS OUTPUT 
SEL B INPUT/OUTPUT® 1 OVFL IMSP) = H 
SEL 008 SOLACE Indicates that operation in process will cause ALU to overilow 
SEL AOB SOVACE 
INCREMENT PC OR 92C 2 MAGNITUDE The 2 Bus is compared to ZERO 
INmIBIT PC ANO‘OA MC Ranulient outputs are 
LOAD WR AG «HIS Bus Arathmevcaliy » ZERO) 
We HIGH LEVEL. L = LO“ LEVEL LG + 412 Bus ¢ ZERO) 


EQ + (2 Bur = ZERO) 


3. COUT (MSP) = L 
Indicates ALU Carry Out. 


FIGURE 23 — FORM II-ARITHMETIC WITH OOUBLE-PRECISION SHIFT 
8 
| a| PLUS | al PLUS CARRY SHIFTEO WA, XWR 
(MULTIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL) 


OPERATION FORM II} ~ ADD WITH SINGLE-PRECISION SHIFT 


Operation Form lll is a universal microinstruction providing the designers with the capability of performing an 
add-and-shift function in a single clock cycle. Sources and destinations are shown in Figure 24. Also enumerated are 
the shift functions which are selectable as part of the microinstruction. 


3.6 


Magnitude and overflow status indicators are active as enumerated in Figure 24. Form ill can be represented 
symbolically as: 


(A PLUS B PLUS ALUCIN) SHIFTED > XWR, OR MC 


During Form IiI operation the contents of the working register are not changed unless an asynchronous load is 
selected. If mot selected as the destination, the extended working register will be saved. The memory counter can be 
the operand destination, or it and the program counter can be saved, or one can be incremented by one or two on 
selection. Sources for the DOP and AOP are also selectable. 


OPO 
oP) 
or2 
OP3 
oPp4 
OPE 
OP7 


tal H t x[ a] BI 80 


{A PLUS B PLUS ALUCIN) SHIFTED REGISTER 


A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY SHIFT SEL REG. DESTINATION 
CIN =H: 
NO CARRY 


CIN = L: 
CARRY INPUT 


ASYNCHAONOUS CONTROLS: 
SEL B INPUT/OUTPUT 1, OVFL (MSP) © H Indicates that the shift operation in 
SEL 008 SOURCE Process will cause the selected register to overflow. 
SEL AOB SOURCE 2. *MAGNITUDE. During LSA or ASA, A plus C (N1} os 


INCREMENT PC OR MC compared to B (N2); during the remaining operations, the 
>} Buss compared to ZERO. Resultant outputs are: 
eu ANDIONING AG * H (N1 ARITHMETICALLY > N2) of (2 BUS 
ARITHMETICALLY > ZEAQ) 
H HIGH LEVEL, L = LOW LEVEL LG = H(N1 > N2) or (& BUS # ZERO) 
EQ = H(N1 * N2) or (> BUS = ZERO) 
3. COUT (MSP) = L Indicates ALU Carry Out. 


FIGURE 24 — FORM II|—-ARITHMETIC WITH SINGLE-PRECISION SHIFT 
{A PLUS B PLUS ALUCIN) SHIFTEO ~ XWR OR MC 


OPERATION FORM IV — Al SHIFTED — 2’ BUS 


Operation Form IV Is designed specifically for performing a single bit-position logical, arithmetic, or circular shift of 
the data applied at the A input port. This single clock operation can be used to shift information residing in any of the 
external working memory register locations simply by enabling the output capability of the BI/O port and writing the 
shifted word back into the same (or any other selected) memory location. 


Asynchronous controls are the same as described for Operation Form IA, and the magnitude status lines are active 
and overflow is active during Jeft-shift arithmetic (LSA) operation as enumerated in Figure 25. 


3.6 


SHIFT SEL 
1. COOT = TIN 

Bob tS 2. OVEL (MSP = H) 
ASYNCHRONOUS CONTROLS: b C 8 RSL Indicates that LSA operation 
SEL @ INPUT/OUTPUT t H 7 LSA In process will cause shift over- 
SEL 0OB SOURCE t is n RSA flow. For all other operations, 
SEL AOB SOURCE Heaells. tn | -CCun OVFL=L. 

H t H RCIR 
INCREMENT PC OR MC 

Ss ARDIOR AG H H L NOT DEFINED 3. MAGNITUDE Al ts compared 

INHIBIT H H H NOT DEFINED to ZERO. Resultant outputs are 
LOAD WR 2 


AG + HAI » ZERO) 
LG - HtAl ¢ ZERO) 
EQ- H(Al = ZERO) 


H = HIGH LEVEL, L = LOW LEVEL 


FIGURE 25 — FORMIV—AlI SHIFTED -* 5° BUS 


OPERATION FORM V — SINGLE-LENGTH SHIFT 


Operation Form V performs a single-bit position, logical, arethmetic, or circular shift of either the working register or 
extended working register, Magnitude status indicators are active and overflow is active during left-shift arithmetic 


(LSA) operations as enumerated in Figure 26. Asynchronous controls are the same as described for Operation Form 
1A. 


- N o zs ru i-) x o gz \ 
gs 8 § § € 8 &§ § & EZ 
FORM VA H H H L H H L. H 02 o1 00 WR SHIFTED —* WR 
FORM VB HH, H, LH HH LI o2. D1. DO XWA SHIFTED -™ XWA 


1, TOUT = CIN 
eee 2. OVFL [MSP - HI 
ASYNCHAONOUS CONTROLS: L L ; 
Indicates that LSA operation in process 
SEL 8 INPUT/OUTPUT L " will couse shift overflow. For all other 
SEL DOB SOURCE 7 a operations, OVFL *: L. 
SEL AOB SOURCE Bo ye ccin : 
INCREMENT PC OR MC H L ACIR 3 MAGNITUDE: Al is compared to ZERO. 
INHIBIT PC AND/OR MC Me AM NOT DEFINED Baltic ahaa 
Paab WA HoH NOT DEFINED AG SB Ali 2 ZERO) 
LG =H (Al * ZERO) 
H «= HIGH LEVEL, L = LOW LEVEL EQ =H (Al = ZERO) 


WA WA 
FIGURE 26 — FORM V: SHIFTED ~ 
{aint e lat 
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3.8 
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OPERATION FORM VI — DOUBLE-PRECISION SHIFTS 


Operation Form VI performs a double-precision logical, arithmetic, or circular shift of a double-length word residing 
in the working register and extended working register. Magnitude status indicators are active and overflow is active 
during left-shift arithmetic (LSA) operations as enumerated in Figure 27. Asynchronous controls are the same as 
described for operation form 1A. 


1. COUT » TIN 


ASYNCHAONOUS CONTROLS: ‘ : : ry a ONES ee! 

Indicates that LSA operation 
SEL 8 INPUT. OUTPUT Lo eo be. CS in process will cause shift 
SEL DOB SOURCE Be HE ASA. overtlaw. For all other opera- 
SEL AOQB SOURCE - : : one tions, OVFL LL. 
INCREM TP AM 
uidie ae pba ise 4 H L NOT DEFINED 3 MAGNITUOE: Al 1s compared 

H H H NOT DEFINED ta ZERO. Resultant outputs are: 


LOAD Wn 


H HIGH LEVEL, L » LOW LEVEL AG AHAAL?: ZERO! 


LG «© H {Al ¢ ZERO) 
€Q +H (Al = ZERO} 


FIGURE 27 - FORM VI-OOUBLE-PRECISION SHIFTS: (WA, XWA)SHIFTED (WR, XWA) 
OPERATION FORM VII — COMPARE (A:B OR B:A} 


Operation Form VII is designed specifically to provide the system designer with the capability of symmetrically 
comparing either operands A-to-B or operands B-to-A. The operands selectable are enumerated in Figure 28 as the A 
source select or B source select. The carry output, overflow, and magnitude status lines decode and indicate the logical 
and arithmetic relationship of the operands being compared as shown in Figure 28. Asynchronous controls are the 
same as described for Operation Form 1A. 


OPERATION FORM VIM — LOGICAL FUNCTIONS 


The ALU with its carry circuil functionally inactivated in Form VIII operations can be microprogrammed in 
conjunction with the source operands to perform any of the possible combinatorial Boolean functions on two binary 
variables. See Figure 29. Simple transfer functions are performed with the arithmetic operations in Form |, and 
combinatorial transfer and shift operations are available in Form III. 


As with the arithmetic operations, a highly flexible source selection extends performance of single clock 
combinatorial logical operations between two (external) operands applied at the A and B input ports, or combinations 
of resident cata in ‘S481 registers or counters can be combined logically with another register or external source. The 
specific combinations selectable are enumerated in the following paragraphs. 


FORM VIIA 


FORM VII8 


A-SQURCE SEL B-SOURCE SEL 


1 COUT =\G 


2. MAGNITUDE. A or 8 [N1) 1s compared to B or A (N2), 
respectively The resultant outputs are: 


aI 
“Ww 

BI - WA 
ans AG = H (NJ arithmetically > N2) 
Biaxial LG = HIN} logically > N2) 
xWwR* EQ =H (Nt = N2) 


ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT® 
SEL DOB SOURCE 

SEL AOB SOUACE 
INCREMENT PC OR MC 
INHIBIT PC ANO/OR MC 
LOAD WA 


Bi- PC 3° OVFL (MSP) IS NOT OEFINED. 
PC* 


Zc es zr, eS 


L 
L 
L 
Ll 
H 
H 
H 
H 


Ieterric 


*BI/O CAN BE USED AS 
OUTPUT (r BUS = NI-N2-1) 


H* HIGH LEVEL, L = LOW LEVEL 


FIGURE 28 — FORM VIi-COMPARE: 


A:8 
B:A 


$68 §€ § § $s § & E 


FORM VILA 
FORM VIB 
FORM VINC 


QPrns peeks 
rreerrie,rsri{e 


“81/0 CAN BE USED AS OUTPUT. 


ASYNCHRONOUS CONTAOLS: SEL BINPUT/OUTPUT® 1. OVFL > LOW 
SEL 008 SOURCE 2. COUT = CIN 
SEL AOB SOURCE 3. MAGNITUDE: The & Bus is compared to ZEAO. 
INCREMENT PC OR MC Resultant outputs are: 
INHIBIT PC AND/OR MC AG « H (& Bus Arithmetically > ZERO) 
LOAD WA LG «H(z Bus » ZERO) 


H* HIGH LEVEL, L = LOW LEVEL EOS ie Buse ZERO} 


NOR 
FIGURE 28 — FORM VIII-LOGICAL OPERATIONS: A { OR } B-> REGISTER 


x-OAR 
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3.9.1 NOR/AND Logical Operations 


Operation Form VIIIA can be used to perform the NOR or AND fogical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 


FORM VIIIA 


SEL A SOURCE SEL 8 SOUACE OESTINATION 
L-Al L = TRUE LL=BI L = TAUE LL =WA 
H=WR_ H - COMP LH=WR H = COMP LH = XWAR 

HL = XWA HL = PC 
HH = PC HH = £’-BUS 


H“ HIGH LEVEL, L=LOW LEVEL 


As shown above, the A and B sources are selectable by the Al, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the NOR, mixed NOR/AND, and the AND functions. As implemented, see 
Figure 30, the NOR function is performed when the sources are both true, mixed NOR/AND functions are performed 
with one source complemented, and the AND function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 30. Also provided are the 


function tables and Boolean equations, 


SELECTIONS AVAILABLE 


IMPLEMENTATION 


FUNCTION TABLES 
iH = HIGH LEVEL. 
t= LOW LEVEL 


OTHER OR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 


FIGURE 30 — FORM VItIA NOR/AND LOGICAL OPERATIONS 
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3.9.2 OR/NAND Logical Operations 


Operation Form VIIIB can be used to perform the OR or NAND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 

°o 
oa 
3 
H 


- nN a 
a a a 
i=) ° o 
L H H 


FOAM VIIIB 


SEL ASQURCE SEL B SOURCE DESTINATION 
L=At L = TRUE LL<BI L - TRUE LL-WR 
HeWAR H= COMP LH =WR H - COMP LH - XWR 
HL = XWR HL ~ PC 
HH = PC HH - & -BUS 


H=HIGH LEVEL, L=LOW LEVEL 


As shown above, the A and B sources are selectable by the Al, B1, and B2 bits in their true or complementary form 
(bits AO, 80) to facilitate performing the OR, mixed OR/NAND, and the NAND functions. As implemented, see 
Figure 31, the OR function is performed when the sources are both true, mixed OR/NAND functions are performed 
with one source complemented, and the NAND function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 31. Also provided are the 
function tables and Boolean equations. 


SELECTIONS AVAILAGLE 


A and B - COMP 
« A 
B Sy 
8 


FUNCTION TABLES 
(M © HIGH LEVEL, 
L» low LEVEU 


ore L.OP9~H 


OTHER OR 
EQUAL SYMBOLS 


FIGURE 31 - FORM VISIB OR/NAND LOGICAL OPERATIONS 
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3.9.3 Exclusive-OR/Exclusive-NOR Logical Operations 


Operation Form VIIIC can be used to perform the exclusive-OR/exclusive-NOR logical combination of two selectable 
operands and route the results to one of four destinations. The operation microcode is: 


FORM VINIC 


SEL A SOQURCE SEL B SOURCE DESTINATION 
Le A Ll - TRUE LL -B6I L = TRUE Li - WR 
H=WR H : COMP LH - WR H = COMP LH « XWR 
HL > XWR HL = PC 
HH « PC HH = © -BUS 


H © HIGH LEVEL. L = LOW LEVEL 


As shown above, the A and B sources are selectable by the Al, B1, and B2 bits in their true or complementary form 
(bits AO, 80) to facilitate both exclusive-OR and exclusive-NOR operations. As implemented, see Figure 32, the 
exclusive-NOR function is performed when the sources are both true or both complemented. When either the A or the 
B source (not both) are complemented, the exclusive-OR function is performed. Both implementation and 
other/equal logic symbols are shown in Figure 32. Also provided are the function tables and Boolean equations. 


ALL TAUVE OR ALL 
ta A OMPLEMENTED 
COMPLEMENT SOURCES ONE SOURCE C 


VAPLEMENTATION 


FUNCTION TABLES 
(H © HIGH LEVEL. 
L- LOW LEVEL! 


OP6 -H.OP9- L 


OTHER OAR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 


FIGURE 32 — FORM VIIIC EXCLUSIVE-OA/EXCLUSIVE-NOR OPERATIONS 


3.10 OPERATION FORM IX — NO OP 


Operation Form |X is designed specifically to ° - Nn ° < wo ra ~ 

clear the X’ bus force AG and LG low, and fo} 3 ra) 3 3 5 ro) rs) § g 5 
force EQ high; and, during this operation 
form data in the ‘S481 registers, counters and 
latches remain unchanged unless directed to 
do othenvise by the asynchronous control 
inputs as shown in Figure 33. 


He HIGH LEVEL, L = LOW LEVEL, X = [IRRELEVANT 


ASYNCHRONOUS CONTROLS: 


The memory or program counter can be 
incremented (by one or two) on each clock 
transition, or the working register can be 
loaded on each clock. Additionally, the B 
input/output can be specified, as well as 
sources for the address or data Out ports. 
States of the carry and overtiow outputs are 
Not interrupted. 


SEL B INPUT/OUTPUT 

SEL DOB SOURCE AG « ZERO 
SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC £Q - HIGH 
LOAD WA 


LG « ZERO 


FIGURE 33 — FORM IX-NO OPERATION: ZERO ~ v’ BUS 


3.11. OPERATION FORM X — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 


Operation Form X is a macroinstruction which can be used to update a 16-bit cyclic redundancy character (CRC) 


partial sum in eight clock cycles, assuming 8-bit data characters. The updated CAC partial sum resides in the working 
register, The flow diagram of this algorithm is illustrated in Figure 34. 


dren CaTeatioN 


COS PART A. SUM IN 
CRC POLYNOMIAL 1% AL 
CATA CHAGACTER Ih EVV MIGHT HALEY 


: 
ut 
TmTHAG GOwe 


+ VOM Lave. 


WRIGHT CIMCULATE 
ona 
Lane certs 


© 


FIGURE 34 — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 


PORTED CRC PA@TIAL SUM IN WA 


3.12 


3.13 


3.14 


Setup conditions include the existence or placement of the previous CRC partial sum in the working register, the CAC 
polynomial at the A input port, and the data character in the eight least significant bits of the extended working 
register. All decisions after setup are decoded on chip for each of the eight iterations. Microcontrol open-collector 
output OPS of the LSP assumes control during the iterations to generate one of two microinstructions requires to 
accomplish the CRC update. 


OPERATION FORM XI — SIGNED INTEGER DIVIDE 


Operation Form XI consists of the micro/macroinstructions needed to perform the signed division of a double length 
dividend by an N-bit divisor in N + 3 clock times. After the division routine the quotient will reside in the extended 
working register (XWR) and the remainder will be in the working register (WR). Negative results are in two's 
complement. The flow diagram of this algorithm is illustrated in Figure 35. 


Setup conditions include the existence or placement of the double length dividend in the WR, XWR and application 
of the divisor at the A input port. To obtain a legitimate result, the divisor must not be arithmetically zero as 
indicated during the start command by the EQ output being low. The dividend must be of a nature that it could be 
generated by a signed multiply and add operation on the divisor. Status outputs LG, AG, C-OUT and OV are 
undefined, as is EQ after the start command. 


After setup, ail decisions are decoded on chip for start, iterate, iteration finish, fix remainder, and adjust quotient. 
The iterate macroinstruction (Form XIB) internally decodes the status of the stored signs, carry out, and working 
register and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control generating one of four 
microinstructions required to accomplish the signed divide. 


OPERATION FORM XI! — UNSIGNED DIVIDE 


Operation Form XII consists of micro/macroinstructions needed to perform the unsigned division of a double length 
dividend by an N.-bit divisor in N + 1 clock times. After the division routine the binary magnitude quotient will reside 
in the extended working register (XWR) and the binary magnitude remainder will be in the working register (WR). 
The flow diagram of this algorithm is illustrated in Figure 36. 


Setup conditions include the existence or placement of the double length dividend in the WR, XWR; application of 
the divisor at the A input port and that the last operation was not a divide command. To obtain a legitimate result, 
the N-bit divisor must be logically greater than the most-significant N-bits resident in the working register. A direct 
status on the arithmetically-greater-than (AG) output indicates that a valid (start) [AG =H], or invalid (abort) 
[AG = L] setup condition exists. 


After setup, all decisions are decoded on chip for start, iterate and finish. The iterate macroinstruction (Form X11B) 
internally decodes the status of C-OUT or FORCE LOAD FLAG and the OP9 microcontrol open-collector output of 
the MSP assumes control generating one of two microinstructions required to accomplish the unsigned divide. 


OPERATION FORM XIII — UNSIGNED MULTIPLY 


Operation Form XIII consists of a macroinstruction which performs the unsigned multiplication of two N-bit words in 
N clock times. After the multiply routine the double length product is residing in the working register 
(most-significant N-bits) and the extended working register {least-significant N-bits). The flow diagram of this 
algorithm is illustrated in Figure 37. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shift commands must not 
occur between multiptier load and the first iteration. Status outputs (EQ, AG, LG, C-OUT and OV) are undefined 
during this algorithm. 


41 


42 


DIVIDEND IN WR, XWA; 
DIVISOR IN Al; 
Al 40; DIVIDEND IS SUCH THAT IT COULD 
BE GENERATED BY A SIGNED MULTIPLY 
AND AOD OPERATION ON THE DIVISOR. 
START-FORM XIA 
{1 CLOCK) 


WR, xwR LEFT LOGICAL 
AIPLUSO — ¥’ 
SAVE WR SIGN 

SAVE SIGNS-DIFFERENT 


ITERATE-FORM X1B 
{N-1 CLOCKS) 


: WR PLUS AT 
WR PLUS Al ~~ —— PLUS1— 


= XWA LEFT LOGICAL 
— WR, XWA 
XWART «= 1 


WA, XWA LEFT 
LOGICAL — WR, XWAR 
XWART « O 


2 “TTERATION FINISH-FORMEZIC 
5 (1 CLOCK) 
H 


WA PLUS Al 
PLUS 1 


WR PLUS Al — & 


—wA 


{COUT 


XWA LEFT LOGICAL + WR SIGN) XWR LEFT LOGICAL 
— XWR +(= 0) —— XWR 
XWART «1 “1 XWRAT <= 0 


? 


FIGURE 35 — FORM X1~SIGNED INTEGER DIVIDE (SHEET 1 OF 2) 


Sr resve Steere eee eee i es SC — 
666566666606 blo FIX REMAINDER —- FORM XIO 
(1 CLOCK) 


WR plus Al 


=z 


WR plus Al 
plust-- © 


s--WA 
+ A FIXED FLAG 


O- A FIXEO FLAG 


1 


a eaeea @ & [2 
6965606666616 


ADJUST QUOTIENT — FORM XIE 
(1 CLOCK) 


XWAR plus 1 
++ XWA 


XWEH plus 0 
» XWR 


XWR plus 0 
-+ XWA 


REMAINOER IN WA 
QUOTIENT IN XWA 


FIGURE 35 ~ FORM XI-SIGNED INTEGER DIVIDE (SHEET 2 OF 2) 
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DIVIDEND IN WR, XWR 

DIVISOR IN Al: 

DIVISOR MUST BE LOGICALLY GREATER 
THAN WR FOR LEGITIMATE RESULT. 


START (FORM XII A) 
(1 CLOCK) 


H = HIGH LEVEL 
L = LOW LEVEL 
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XWR 


SET 
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FIGURE 36 — FORM XII-UNSIGNED DIVIDE (SHEET 1 OF 2) 
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? 
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? 
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FIGURE 36 — FORM X?I-UNSIGNED DIVIDE (SHEET 2 OF 2) 


ZEROS IN WR 
MULTIPLIER IN XWR 
MULTIPLICAND IN Al 


lz ITERATE 
0 (N CLOCKS) 


H © HIGH LEVEL, L = LOWLEVEL, * INITIAL LEVEL 


WR plus Al ~> = ‘ WR plus Al -- > 


£, XWR right logical WR, XWR night logical 
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PRODUCT IS IN WR, XWR 


FIGURE 37 — FORM XIHi—-UNSIGNED MULTIPLY 


The iterate macroinstruction internally decodes the status of the XWR LSB and the OP9 microcontrol open collector 


output of the MSP assumes contro! generating one of two microinstructions required to accomplish the unsigned 
multiply. 


OPERATION FORM XIV — SIGNED INTEGER MULTIPLY 


Operation Form XIV consists of a macroinstruction which performs the signed multiplication of two N-bit signed 
integers in N clock times. After the multiply routine, the double precision signed product resides in the working 
register (most-signilicant N-bits) and the extended working register (least-significant N-bits). Negative products are in 
two's complement. The flow diagram of this algorithm is illustrated in Figure 38. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shifts must not occur 


between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT, and OV) are undefined during 
this algorithm. 


The iterate macroinstruction internally decodes the status of the multiplier (XWR) sign-bit flag, the multiplier LSB, 
and the multiplier LSB flag and the OP8 and OPS microcontrol open-collector outputs of the MSP assume control 
generating one of four microinstructions required to accomplish the signed mulliply. 
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MULTIPLIER IN XWR 
MULTIPLICAND IN Al 
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XWR LSB TEST 
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NO 
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FIGURE 36 — FORM XIV-SIGNED tNTEGER MULTIPLY 
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4. SPECIFICATIONS 


Recommended operating conditions, electrical characteristics, and switching characteristies are provided in Tables 19 
through 21. 


TABLE 19 
RECOMMENDED OPERATING CONDITIONS 


SN54S481 
MIN NOM MAX 


| High-level output voltage ar EQ,0PB,0P9 Pt Ps 
| aop.svo.cor.ccoiov.cour | 0 

1 £a.ora.opa 

WALFT, WART, XWRLFT, XWRAT ee 

Tencvac SS CCSCSSCCSC~C“~‘“‘~C~stCTSCSC~«SOY 

ocr gy a er ees 

[All other outputsor VO encapi forgone {S| SC—~S CY 

| High togetevel 


A 

Cs 80 we | 
[Al evO~tweh—— _Y 
PAl--WRoCC—“‘iL:CS SC 
[al.sv0-Atu=werCwAxwa | sor Sid est SSSC~*d 
A, 
OT 
[alevo~wen md 
pAlswRo tc tor 
[Al ev0-AW=MerC WR KOA | or «dT or SSC—~*Y 
[eer iweme, ere. COWR | tC SCC*d 
A 
[oorniaeatamemmennn aA] OE 


Ti The arrow indicates the transition of the clock input used for reference: 1 for the low-to-high transition, | for the high-to-low transition 


Low-level output current mA 


Width of clock pulse 


Clock fraquency 


Setup time, ty, 


as 


is DESIGN GOAL 
This document provides tentative information 
on @ product in the developmental stage. Texas 
Instruments renerves the right to changes oF 
discontinue this product without notice. 


TABLE 20 
ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 


| anameren | Sresrconpirionst | in_rves_ max [uni 
Vin Wighievelinporveluge SSC Cd i” 

[Vin _Lowtevel input voltage 
[Vig _Ieputclemp vole ——SSSCSCSCS~S~CSCS Ve MN, mad 


Vec=MIN, Vin=2v, [545" | 


vin =98V, tow +max [ras] 27 34 | 
VoL Veco* MIN, Vin *2V, v 
Vit = O8V, Io, = MAX 
Veg" MAX Vi=5SV [SS 
[Pos] Vee = WAX. v= Veg [rr Tr 


OFO; OPS Vee * MAX, Vy*2.7V 
OP2, OP3, CIN ce i ee 


OPO, OP1, OP2 
WRRT,WALFT, XWRAT, 


Any output or 1/0 
except EQ, OP8, OPO 


<E | 


«| 


Vou High-tevel output voltage 


Low-level output voltage 


te High-level input current 


“ie Low level input current 


Short-circuit 
Output currents 
lec Supply current 


'os 


‘Far conditions shown as MIN of MA x use tho appropriate value specified under recommended operating conditions. 
TAI typical values ore at Voc = 6 V. Ta = 28°C. 
Not moro than one output thould ba shorted ato time. 


TABLE 21 
SWITCHING CHARACTERISTICS, Vcc = 5 V. Ta = 25°C 


owe SE — LATCH = ALU 00° a ee 
LATCH = ALU a a 
Al, BVO 
[vac xn. cOoT i uarcu=atu | 
[eaov treaty go 
[we Taree evo fu aten acy 90 
iE a Fa SS el ORR ee a 
[te [ee eS ed 
[we Tao page ee 
[we foo,o1 oor [20 
|“ wexz [evo set ero0,oifevowoor Tt | 
Stiga [eis saueeeo eioe er ee 
a 

[WALFT, WART, XWALET, XWAAT 


AOP, DOP 
; aE ae 
WALFT, WART, XWRLFT, XWART (WR, XWA, 2-BUS] ~ SHIFTED 
AOP, DOP a 
ee [aor. 00° —_———S—=d IWR RR pcl=ALU=suieTed 20 | 
SS 


fo} 
) 
(J 
[2} 
2 
(J 


tp -: Propagation delay 
tpxz -: Olsable tima to Hi-Z 
tp2 ¢: Enablo tima (HI-2-To-Enable} 
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5. MECHANICAL DATA 


3 


NOTLS A LACAPLN CENTERLINE IS LOCATED 
WATHIN 0.010 OF ITS TRUE POSIT-ON 


PALL ONUNSIOSS ARE I OCHES 


02% 
011 
‘| 
SEATING PLANE — if SEATING FLAME | 
t SOL ROUTE ts | 
6.000 Wh — t 7 oco 1p - 
OS tsa OO eee Ne + oon, oc ubhihdla : 
= 7 0 #00 TP - 
yes meme emt c UZ PL ACES: & 


+ PN PAO RS COD TP 
(SEE NOTE &: 


6. PIN ASSIGNMENTS 


B01 cK INC PC) =AOP3 AoP1 CCO/OV INC MC DOP1 DOP3 DO XWALFT WALFT 


BI/O SEL 81/00 cel AO SEL AOPZ2 AOPO GND DoPO 0oP2 D1 XWART WART 


SNS4S481 
$N74S481 


BI/O3 Al2 AIO oP1 OP3 Vee ops ope CIN Y/AG COUT LD WAR 
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1, 


1.1 


1.2 


1.3 


INTRODUCTION 


The SBPO400A and SBPO401A are 4-bit expandable parallel binary processor elements, each monolithically 
integrating 1660 functional gates. These controller/processor building blocks combine the unique properties of 
Integrated Injection Logic (I12L) with a microprogrammable bit-slice architecture to offer a high degree of 
Performance and design flexibility. Each can provide the basis for efficient, low-cost solutions to a wide range of 
applications, from basic sequential controllers to advanced multiprocessor systems for either industrial or military 
environments, 


ARCHITECTURAL FEATURES 


Primary among the SBPO400A and SBPO401A architectural features are: 


e Microprogrammable, bit-stice design expandable in 4-bit multiples 

e Separate data-in, data-out, address-out and control ports provide flexible parallel device access 

e 16-function arithmetic/logic unit (ALU) with symmetrical subtraction and fully carry look-ahead 
capability 

° 8-word general register file including program counter with independent incrementor 

° Two 4-bit working registers for both single- and double-length operations 


Dual scaled-shifters with on-chip handling of end conditions 
Versatile factory programmable logic array (PLA) generates on-chip control transformation 
The SBPO400A features an on-chip pipelining operation register 


The SBPO401A, with asynchronous microinstruction decode, is designed for use in externally pipelined 
systems 


OPERATIONAL FEATURES 


The functional power of the SBPO400A or SBPO401A is characterized by their ability to perform, within a single 
clock cycle, any one of a repertoire of 512 standard operations: 


e Operand modifications or combinations via eight arithmetic or eight Boolean functions of the ALU 


e Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate 
shift capabilities, including sign protection 


e Single clock ALU/shift combinations simplify implementation of iterative multiple and non-restore 
divide algorithms 


e Special select operations and transfers 


ADDITIONAL FEATURES 


When provided with external contro! for sequencing of its operation set, either an SBPO400A or SBPO401A based 
system design can efficiently emulate a large number of existing systems with full software compatibility and no loss 
of software investment. Or complete application-tailoring of custom instructions may be accomplished for any design. 
Additional features are: 


e Independent program counter with independent access controls (and the internal operation register of 
the SBPO400A) provide instruction look-ahead capability (pipelining) 


e Relative position control defines bit-slice rank in N-bit applications 


TENTATIVE DATA SHEET 


This document provides tentative Information 
on a new product. Texas Instruments reserves 


the right to change specifications for this 


Product In any manner without notice. 


e Serial and parallel access to or from working registers 
e Word or byte incrementation of program counter 


e ALU bypass for direct register-file access 
1.4 TECHNOLOGICAL FEATURES 


These processor elements, fabricated with Integrated Injection Logic (I2L), feature an extremely wide performance 


range. 
e Constant speed-times-power performance over an injector current range covering three orders of 
magnitude (107) 
e Operates from a single de power source capable of 1.1 volt minimum at desired injector current 
e ALU/shift operation time . . . 240 nanoseconds typical at 200 mW nomina! power 
e Fully TTL compatible at nominal injector current 


° Static operation with positive (7) edge-triggered storage 
. SBPO40Q0AC and SBPO401AC operate over 0°C to 70°C industrial temperature range 
e SBPO400AM and SBPO401AM operate over full —55°C to 125°C military temperature range 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 


2. FUNCTIONAL PIN DESCRIPTIONS 


PIN NUMBEA 
J 
2 


3-bit, ““S’’ tietd of the Operation-Select Word designates, in general, 
a particular RF as an operand source/destination. 


Bidirectional 1/0, low actsve, shift accommodation for the XWA. Bidirectional [nput/output 
Receives double-precision right-shilt data; outputs double-precision 
left-shift data. Becomes XWALFT (nigh active) internally. 
Bidirectional 1/0, low active, shift accommodation. Receives Bidirectional Input/output 
double-precision left-shift data; outputs double-precision right-shilt 
data. Becomes XWART (high active) internally. 
MSB of the input to the XWR if in the most-significant 4 bit slice 
Position (MSP) and LSB input to the XWR if in the least-significant 
4 bit slice position {LSP). 
Bidirectional 1/0, low-active, shilt accommodation for ALU output Bidrectional Input/output 
data, Receives lett-shift data. Outputs right-shift data. Becomes 
jh active) internaliy. 
Bidwectional 1/0, low-active, shift accommodation for ALU output Bidirectional Input/output 
duta. Receives eight-shift’ data: outputs left-shift data. Becomes 
WALEFT (high active) internally 


4-bit, parallel, high active, data-out port. Output 
{OOP3 + OOPO) Output 
Output 


4-bil, parallel, high active, data-in port 
(DIP -- DIPO) 


In all positions, directs the program counter to increment by 1 or 2, 
depending on the level applied to ENINCBY2, on the next 
low-to-high clock transition, 

In any position but MSP, PCCOUT 1s the program counter output 
apphod to the next more significant package PCCIN. In the MSP, 
outputs the MSB of the “8B” bus. 


Directs snternal and input/output end-conditions required to define 
the relative position of each SBPO400A/SBPO401A when a number 
is cascaded to implement > 4-bit word lengths. See double-precition 


ENINCBY2/ In the least-significant 4-bit slice position (LSP), ENINCBY2 = Hin Bidirectional input/output 
conjunction with PCCIN = L directs the PROGRAM COUNTER to (LSP) (MSP) 
increment by a displacement of 2 on the next clock. In the 
most-significant 4-bit slice position (MSP), outputs the MSB of the 
“A” bus. 


CLOCK Clocks all synchronous registers on positive transition. Input (Edge-triggered) 


27 ALU 0 Active high open-collector output indicates that the four ALU 
ouipuls are tow [equat zero). 


4-bit, parallel, high-actve, address-out port. Output 
{(AOP3 -- AOPO} Output 


Output 
32 
30 Selects programm counter to the address-out port (high active), 
PRIORITY Overrides internal direction of address-out port. 
[33 FLU Canty propagore 
34 


ALU Carty-generate 
ALUCOUT Outputs, high active, ALU ripple carry-out data. 


OP3 This 4-vit “OP field of the Operation-Setect Word designates in 
OP2 general, 1 of 16 ALU functions. 

OP 

oro 


INJECTOR Supply current source. 


31 


3.1.1 


3.1.2 


3.2 


DETAILED FUNCTIONAL DESCRIPTION 


The SBPO400A and SBPO401A architectures are formed by the various functional blocks and interconnecting 
data/control paths shown in Figure 1. Parallel data/control tlow to/from the processor element is accomplished 
through 1} the data-in port (DIP) via the 4-611 data-in bus (DIB). 2) the data-out port (DOP) via the 4-bit data-out bus 
(DOB), 3) the address-out port (AOP) via the 4-bit address-out bus (AOB), and 4) the operation-select port (OSP) via 
the nine operation-select inputs. The format of the op-select word 1s: 


9-BIT OPERATION-SELECT WORD 


[on on on oreo ele a a 


OP-FIELO .. primarily mlecty 1 of 16 D-FIELO... governs the manner in 
ALU functions os the operand combina- which the OP-FIELD and S-FIELD is 


S-FIELD... primarily selects 1 of B 
register file locations as an operand 


tion/moditication mechanam interpreted to specify SBPO400A/ source and/or operation-result desti- 
SBPO401A operations nation 
NOTE 


A complete discussion of the operation-select word 1s provided in section 5, 


The SBPO400A contains a 20-bit operation register which stores, on the clock positive transition, the present 
(resident) operation decoded by the transformation PLA. The SBPO0401A, containing the identical operation decode 
20-output PLA, derives the present (resident) operation from the steady-state input al the nine op-select inputs. The 
"O401A 1s designed specifically for use in systems utilizing the SN54S/74S482 contro! clement which, in addition to 
generating next control-memory addresses and storing interrupt/subroutine addresses, contains an on-chip control 
memory address register to assist with the system pipelining functions. Thus, the need for an operation register in the 
SBPO401A processor element is eliminated. 


PROGRAMMABLE LOGIC ARRAY (PLA) 


PLA Description 


The programmable logic array (PLA) is a factory-programmable block of combinational logic which forms the control 
operation transformation center. Nine bits of encoded microinstruction data are presented to the PLA via the 9-bit 
operation-select word input lines. The PLA decodes/translates this encoded data to generate a 20-bit internal 
microinstruction. The various micro-operation fields of this microinstruction condition the appropriate functional 
blocks and buses for microinstruction execution. 


On the positive going (1) transition at the clock input, this 20-bit microinstruction is stored in the operation register 
(OR) of the SBPO400A. 


PLA Factory Programming 


The standard factory PLA program provides a flexible, universal, repertoire of 459 unique operations. However, the 


PLA can be factory programmed to provide, within the constraint of 62 AND terms and 20 OR terms, a personality 
tailored to meet custom requirements. 


SBP0400A OPERATION REGISTER (OR) 


The 20-bit operation register (OR) of the SBPO4Q0A is a D-type edge-triggered register which, on each positive 
transition at the clock input, loads the present PLA output. The OR, as loaded, continuously enables the various 
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3.4 


3.4.1 


3.4.2 


‘0400A functional blocks for execution of the “present” microinstruction while the PLA may be simultaneously 
decoding/translating the ‘‘next’’ microinstruction. 


STATUS OUTPUTS 


Status outputs for the operation in process are designed specifically to simplify system implementation by providing 
direct access to those status bits used with the classical and highly efficient multiply and divide algorithms. The status 
outputs consist of: 


a. AMSB and BMSB — In the MSP these outputs provide direct access to the sign bits of data/operands 
entering the ALU. 


b, XWR MUX MSB — In the MSP this output provides direct access to the data bit which can become the 
XWR sign bit during left-shift operations. It is useful for determining overflow (impending change of 
the XWR sign bit) in double-signed arithmetic operations, shifting operations, or fix-up routines in 
iterative sign-magnitude divide algorithms. 


c. XWR MUX LSB — In the LSP this output provides direct access to the data bit which can become the 
XWR LSB during right-shift operations. It is useful for looking ahead during iterative multiply and 
divide routines to setup the next micro-operation. 


d. ALU = 0 — In the LSP, IP, and MSP this output provides a direct indication that all four of the ALU 
outputs are low. In an expanded word length system ali of the ALU = 0 outputs can be dot-AND 
connected to provide, on a single-line, an indication that all of the ALU outputs are low (equal zero). 


e. ALUCOUT — In the LSP, IP, and MSP this output provides a direct carry out from each of the 4-bit 
stices, In the MSP the ALUCOUT can be used for determining ALU overflow. 


ARITHME TIC/LOGIC UNIT (ALU) DESCRIPTION 


The 4-bit parallet, binary, arithmetic/logic unit (ALU) is the operand combination/modification mechanism. Under 
direction of the present micro-operation, the ALU performs 1 of 16 arithmetic/Boolean operations on either or both 
of two operands present at it’s A and B input ports. Operand sources which may access the A input port of the ALU 
via the A multiplexer are the register file (RF) and data-in port (DIP): operand sources which may access the B input 
port of the ALU via the B multiplexer are the data-in port (DIP), working register (WR), and extended working 


register (XWA). 


ALU Function Setection 


In general, an ALU function is specified via the 4-bit OP-field (OP3 -» OPO) of the operation-select word as shown in 
Table 1. This field is presented to the PLA via the operation-select word input lines. The PLA transtates OP3, OP2, 
OP1, OPO into a 4-bit micro-operation field which ultimately selects the ALU mode. The OP3 bit functions similarly 
to an ALU mode control in that 1) a low-logic level places the ALU in an arithmetic mode, and 2) a high-logic level 
places the ALU in a logic mode. OP2 -> OPO selects a particular function within the specified ALU mode. 


ALU Arithmetic Mode 


Functionally similar to the popular TTL ALU’s, such as the SN54S/74S181 and SN54S/74S281, the arithmetic 
functions (sce Table 1) include symmetrical subtraction whereby either A minus B or B minus A may be employed to 
simplify data flow, Other arithmetic-type functions include simple A plus B, A plus B plus carry-in, preset all high, 
clear all low, and direct symmetrical generation of complements (1's or 2's) for either A or B. 


3.4.3 


4.4 


ALU 
OP-FIELD 


TABLE 1 
ALU FUNCTION-SELECT TABLE 


ACTIVE-HIGH DATA 
ALUCIN =H “"" “ALUCIN = L 


(WITH CARRY, NO BORROW! (WITH CARRY, NO BORROW) 


ESS eee oe |e 2s ee ee 
SP eee ee eS ee 
Soe LSD rae ee ee re 


ALU Logical (Boolean) Mode 


H 


Bminus A - B minus A minus 1 


Fa - Aminus B A minus B minus 1 


Fn 
Fn 


- Apius B plus 1 Aplus B 
* Bolust 


Fa - Bolus 


Fo 
Fn 


Aplus! 
A plus 1 


Functionally similar to the popular ALUs such as the SN54S/74$181 and SN54S/74S281, the ALU logical functions 
(see Table 1) include AND, OR, exclusive OR, exclusive NOR, and four symmetrical mixed conybinational functions 


of the ALU’s A and B operands. 
ALU Carry and Look-Ahead Generator Functions 


These processor elements have accommodations for 
ALU ripple carry-:n (ALUCIN) and ALU ripple 
carry-out (ALUCOUT); and in order to facilitate 
look-ahead carry generation across expanded word 
sizes, each has output accommodations for ALU 
carry-generate data (G) and ALU carry-propagate 
data (P). When these accommodations are utilized in 
conjunction with SN54/74182 look-ahead carry 
generators, ALU add/subtract times may be signiti- 
cantly improved over those times where only 
ripple-carry techniques are employed. Only one 
SN54/74182 (Figure 2) is required to provide 
look-ahead carry generation across an expanded 
system of from two to four 4-bit slice processor 
elements. A second level of look-ahead carry genera- 
tion may be employed (Figure 3) for systems 
expanded up to 64 bits. Typical ALU add times are 
shown in Table 2, and are illustrated in Figure 4. 


“CST SiGHIFICART INTERMEDIATE —- A LASS SIGMIFILANT 
PACKAGE (14SP) [_ PACKAGES UP) PACKAGL (LSP) 


SN741B2 


FIGURE 2 — SINGLE-LEVEL ALU CARAY LOOK-AHEAD 
AND BIT-SLICE RELATIVE POSITIONS 


Ud Cag PY Gl Cay 


csroe 


MONO LENE 
eee mtn 


FIGURE 3 — 64.BIT SYSTEM WITH ALU FULL-CARAY LOOK-AHEAD 


TABLE 2 
TYPICAL SBPO400A ADD TIMES (DIP PLUS WR) FROM ft CLOCK TO DO8 


TWO 4. - 5 . 
TYPE OF CARAY 0 4-BIT TWO 8-BIT TWO 16-BIT TWO 32-BIT TWO 64.B81T 
WORDS WORDS WORDS WORDS WORDS 


RIPPLE 


SINGLE-LEVEL LOOK-AHEAD* 


SECONO-LEVEL LOOK-AHEAD* 


*LOOK-AHEAD IS SN54/741B82, ANO INJECTOR CURRENT IS 200 mA. 


SBPO400A SBP0400A 


SBPO400A 
°,G OUTPUT 


—o| jo 15 00 


SN74182 CIN 
Cn ew OUTPUT 

SBPO4004 

DOP (2) OUTPUT 


FIGURE 4 — EXECUTION OF TYPICAL ALU MICRO-OPE RATION 


$N74182 


3.5 RELATIVE POSITION CONTROL (POS1, POSO) 


Consequent to encoded positional rank, the relative 
position control (POS1, POSO), as shown in Table 3 
dictates for each individual 4-bit slice in an ex- 


The 2-bit relative position control (POS1, POSO) 
encodes the relative positional rank of cach individ- 
ual processor element in an expanded word length 


system. As shown in Figure 2, the three positional 
rank possibilities are: 1) most significant position/ 
Package (MSP), 2) intermediate position/package 
(IP), and 3) least significant position/package (LSP). 


panded word length system: 1) the manner in which 
data shifts/circulates are to be accomplished, and 2) 
a particular assignment for each individual multi- 
function [/O accommodation. 


TABLE 3 
POSITION CONTROL FUNCTIONS 


INPUTS LTIFUNCTIO ie] 


3.6 


3.6.1 


3.6.2 


RELATIVE POSITION 


Pr T 


ou | INTERMEDIATE POSITION (IP) 


L 

Hq MOST SIGNIFICANT POSITION (MSP); BMSB 
OOQUBLE-SIGNED/DOUBLE-PRECISION 
(DS/O0P) ARITHMETIC SHIFTS 


MOST SIGNIFICANT POSITION (MSP); 
SINGLE-SIGNED/DOUBLE-PRECISION 
(SS/OP) ARITHMETIC SHIFTS 


REGISTER FILE (RFO > RF7) 


RF Ganeral Description 


The register file (RF) is an 8-word by 4-bit set of D-type edge-triggered registers. Any one of the cight registers may be 
selected as an operand source and/or operation-result destination. Register selection is accomplished via the 3-bul, 
S-field (S2 + SO) of the operation-select word. This field is presented to the PLA via the operation-select word input 


lines. The PLA translates $2, $1, SO into a 3-bit micro-operation field which ultimately selects a particular register 
within the file. 


RF Source/Destination Operands 


Register file source and destination operands are listed in Tables 4 and 5 respectively. When the register tile is used as 
a destination, the source data is recognized only when a low-level condition exists at the clock input. As shown in 


Figure 5, source data can change during the low-level clock condition as long as the setup time prior to the low-to-high 
transition of the clock input is satisfied. 


TABLE 4 
AF SOURCE OPERANDS 


. - “FIELD 
OPERATION OP-FIELD D-FIELD Ss 
OP3 - OPO D1— DO $2 -- SO 


RF — DOP CLLL HL LLL -» HHH 

AF ~ XWR LLLH HL LLL -» HHH 

RF ALU WR — RF LLLL = HHHH LL LLL -» HHH 

AF ALU WA —WR LLLL -» HHHH LH LUL -- HHH 
HL 


RF ptus DIP plus ALUCIN — AF LLL -» HHH 
AF plus O1P plus ALUCIN ~ WR HL LLL -HHH 
RF plus DIP plus ALUCIN ~ XWR HL LLL + HHH 
(AF plus WA plus ALUCIN, XWR) LCIR — WA.XWA HL LLL - HHH 


(AF plus WA plus ALUCIN,XWA) RSA — WRLXWA i HL LLL —- HHH 
RF plus WR plus ALUCIN — XWA HL LLL ~- HHH 
RF plus XWR plus ALUCIN — WA LLL -» HHH 


RF plus XWR plus ALUCIN — XWR LLL -» HHH 


NOTE: When PC priority It low WA — AOP 


TABLES 
RF DESTINATION OPERANDS 


P-FIE -FIE ‘FIELD 
OPERATION OP FORM OF -FIECO OIE, . 
OP3 — OPO 01-00 $2-so 


OIP ~ RF HHHH HL LLL ~ HHH 
XWR plus ALUCIN — RF HHHL HL LLL ~ HHH 
RF ALU WA — RF LLLL — HHHH LL LLL - HHH 


LHHH HL LLL -- HHH 


RF plus O1P plus ALUCIN — RF 


NOTE: When PC priority It low WR — AOP « 


A — SBPOAQDA OPERATION EXECUTION 


@ 


OP—mAF 


‘ 
' 
( 
1 
! 
J 
4 


INPUT) 


EXECUTION 
icLocK 
INPUT) 


ow 


oor 


NOTE: THE SAME CLOCK (1) THAT EXECUTES GPERATION()) LOADS OPERATION) INTO THE ‘04004 OF. 


6 - SBPOAOIA OPERATION EXECUTION 
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FIGURE 6-TYPICAL OPERATION EXECUTIONS 


3.7 


3.7.1 


3.7.2 
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PROGRAM COUNTER (PC) — REGISTER FILE SEVEN (RF7) 


General Description 


RF7 of the register file features the added flexibility of performing as a program counter (PC). Independent of the 
“present” microinstruction, RF7 may be incremented by a displacement of 1 or 2. Incrementation is accomplished 
synchronously with the clock and selected, as shown in Table 6, via the multifunction PCCIN and ENINCBY2 inputs 
as defined by the relative-position control (see Table 3). For cascading purposes, RF7 overflow is provided via the 
PCCOUT output. Furthermore, AF7 features an independent output bus which allows direct access at the AOP via the 
AOR multiplexer. When the PC PRIORITY input is taken to a high-logic level, operation select control of the ADR 
multiplexer is overridden allowing the PC to source the AOP. 


TABLE 6& 
PROGRAM COUNTER INCREMENTATION 


PcIs 
RELATIVE POSITION INPUT INCREMENTEO 


ON NEXT CLOCK 


YES NO 
NO YES 
NO NO 


Instruction look-ahead techniques may be employed to boost the system-level efficiency. While the internal operation 
register of the SBPO4O0A is directing execution of the “present’’ microinstruction, the PC may be independently 
updated to address/fetch data for the “next” microinstruction. In this manner, when the “next” microinstruction 


becomes the “present” microinstruction as evidenced by its residence in the O400A OR, steps will have already been 
taken to fetch an associated data operand. 


The SBPO401A, designed for use with the SN54S/74$482 control element, can employ the control memory address 
register of the ‘S482 and other system registers to implement instruction look-ahead or overlap. 


PC Configurations 


Typical configurations for use of the program counter in an expanded wordlength system are illustrated in Figures 6 
and 7. The BMSB/PCCOUT multifunction output may be time multiplexed (see Figure 6) to provide both BMSB and 
PC overflow (maximum count) status. Under direction of the relative position contro! (POS1, POSO), the BMSB is 
available (see Table 3) when POS1 is high, but if POS1 is taken low, PCCOUT is available. After time to the PC 


contents of the most significant (MSP) will persist until the next L-to-H clock transition. Thus, the BMSB, then 
PCCOUT data may both be obtained within a single microcycle (1 clock period). 


The PC technique shown in Figure 7 may be employed if the required PC wordlength is 4-bits shorter than the 


processor wordlength. In this situation, the PC’s maximum count status is available from the PCCOUT output of the 
next-to-MSP (IP) package. 


H H SS/DP 


H t OS/DP 
L L EN PCCOUT L L L H 
a a ree coed de Ss 
[| POS? POSO 4 rast POSO 1 frost Poso ~ | Frost poso 1 
amse/ ENINCBY2 
PCCOUT PCCIN 


POS! | | 
er | 


~~ 9 nas he - 95 ns 
BMSB BMSB BMS8 


PCCOUT 


FIGURE 6 — 16-BIT PROGRAM COUNTER 


POSO » X (don't care) 
H x L L L L H 


do ol ee 2 ey ee eee ae) epee 
feos: POs — (Post Poso 7} Prosi Poso 7 {Post Poso a 


ENINCBY2 


PCCIN 


PCCOUT 


PCCIN 


-——=— = = 4d ie eee es este ee er —-—_- — 
Function Clock Count 

LORF7 -4087 «tt, = (4087 RF7) {H H H HH/H] H H HH LH oH H 
PC+) t 4088 H H H HH/H| H H HH Ht L c 
Pc +) 1 4089 H H H HHIH{| H H HH HL fi. H 
PC» 2 1, 4091 H H H HHH] HH HH HL H oH 
PC#d t 4092 H H H HH/H| H H HH HH i L 
Por 4 4093 H H H HH]H] H H HH HH L H 
PC te 4094 H H H HH/H} KH HH HH H L 
PC +1 t, 4095 =MAX |L H H HH]Lf H H HH HH H H 
PC +t i, ° H Lb t LeyH} bo b& ee LL L ¢ 
Disable PC H H H HH|H| H H HH HH H H 
No Clock Hor L 4094 (4095-1) JL H H HH/|L} H H HH HH H L 
PC +2 re IH L L tL ]H] L& L te Le L L 


FIGURE 7 — 12-B1T PROGRAM COUNTER 
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3.7.3 


38 


39 


3.10 


311 


3.11.1 


PC Count Sequences 


PC count sequences initiated at the PCCIN and ENINCBY2 inputs of the LSP of an expanded wordlength system are 
shawn in Figure 7. An increment-by-1 command (PCCIN = L, ENINCBY2 = L) advances the PC from 4088 to 4089 
synchronously with the t; clock; an increment-by-2 command (PCCIN = L, ENINCBY2 = H) advances the PC from 
4089 to 4091 synchronously with the ty clock: a PC disable-increment command (PCCIN = H) retains the PC at its 
present count status. When the PC is at maximum count, an increment-by: 1 command (PCCIN = L, ENINCBY2 = H) 
conditions the PCCOUT/PCCIN interpackage carry accommodations such that the PC will increment to zero 
synchronously with the tg clock; when the PC is at maximum-count-minus-1 (N-1), an increment-by-2 command 
(PCCIN = L, ENINCBY2 = H) conditions the PCCOUT /PCCIN interpackage carry accommodations such that the PC 
will increment to zero synchronously with the ts clock. A maximum count output will be generated at N.1 if the PC 
Is instructed to count by two This ts shawn in the supplementary state table of Figure 7. 


ADDRESS-OUT MULTIPLEXER (ADR MUX) 


The address-out multiplexer {ADR MUX) is a multiport multiplexer which selects either the WR, XWR, or program 
counter (PC) for transfer to the address-out port (AOP) via the address-out bus (AQB). When the PC PRIORITY input 
is logic-level low, ADR MUX wansfer of the WR or X\WR is selected by the resident operation; when the PC 


PRIORITY input is logic-level high, resident operation direction of the ADR MUX 1s overridden allowing the PC to 
source the AOP. 


A BUS 


In addition to 4-bit parallel data transters, the most significant bit (MSB) of the A bus is available at the multifunction 
AMSB output if the SBPO400A or SBPO4OIA is in the most significant position (MSP) as defined by the 
relative-position control. The AMSB output may be used to monitor the sign-bit of A bus data, or in conjunction with 
the BMSB and DOP3 (MSP) outputs, to detect an impending ALU overflow condition. 


8 BUS 


In addition to 4-bit parallel data transfers, the most significant bit (MSB) of the B bus is available at the multifunction 
BMSB output in the most significant-position (MSP) as defined by the retative-position control. When used with shifts 
or circulates, this output may be used to extract B-bus data serially from the selected source. The BMSB output may 
be used to monitor the sign-bit of B bus data, or in conjunction with the AMSB and DOP3 (MSP) outputs, to detect 
an impending ALU overflow condition. 


WORKING REGISTER (WA) 


Generali Description 


The 4-bit working register (WR) is a D-type edge-triggered register which functions as an accumulator for intermediate 
operands. The WR sources the ALU via the B multiplexer and the address-out-port (AOP) via the ADR multiplexer, 
the WR is a destination, via the WR multiplexer, for either the data-out bus (DOB) or data-in port (DIP). 


3.11.2 WR Source/Destination Operands 
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Working register source and destination operands are listed in Tables 7 and 8 respectively. When the WR is used a8 
destination, the source data is recognized only when a low-level condition exists at the clock input. As shown in 
Figure 5, the source data may change during the low-level clock condition as long as the setup time prior to the 
low-to-high transition of the clock input is satisfied. 


TABLE 7 


WORKING REGISTEA SOURCE OPERANOS 


OPERATION 


*WR ALU DIP DOP 

“WR ALU DIP WR 

WA ALU DIP ~ XWR 

WA ALU AF ~ RE 

WR ALU RF ~ WR 

{WR minus DIP minus 1 plus ALUCIN,XWR) LCIR —- WA .XWR 
(WR minus OIP minus 1 ptus ALUCIN.XWR) RSA — WRXWR 
{WR minus RF minus 1 plus ALUCIN,XWR) LCIR - WR.XWR 
(WR minus RF minus 1 plus ALUCIN.XWR) ASA — WR .XWA 
(WA plus ALUCIN) ASA — WR,XWA 

(WA plus ALUCIN) ASA = WR,XWA 

(WR plus ALUCIN) LCIA — WR 

(WR plus ALUCIN) LCIR —- WR 

(WR plus ALUCIN) LSA —- WA 

{WA plus ALUCIN} LSL —- WA 

(WA plus ALUCIN) RCIA > WR 

(WR plus ALUCIN) ACIR - WR 

(WR plus ALUCIN) ASA -» WR 

(WR plus ALUCIN) ASL -» WA 

(WA plus ALUCIN,XWR) LCIA ~ (WA,XWR) 

{WA plus ALUCIN,HWA) LCIR -- (WA,XWA) 

(WR plus ALUCIN, XWA) LSA ~ (WR,XWR) 

(WA plus ALUCIN, XWA) LSL — (WA, XWR) 

(WA plus ALUCIN,XWR) ACIR -» (WR, XWA) 

{WR plus ALUCIN, XWR) ACIR — (WA,XWR) 

(WR plus ALUCIN, XWA) RSA — (WR,XWR) 

{WR plus ALUCIN,XWA) RSL = (WR,XWA) 

WR plus DIP plus ALUCIN — OOP 

WA plus DIP plus ALUCIN — XWA 

{WA plus DIP plus ALUCIN) LCIR ~- WA,XWA 

(WA plus DIP plus ALUCIN) RSA — WA,XWA 

WR plus RF plus ALUCIN - XWA 

(WR plus AF ptus ALUCIN) LCIA - WR,XWR 

(WA plus RF plus ALUCIN) ASA — WR,XWA 


NOTE: When PC priority Is iow WA — AOP 
*XWR -- AOP 


OP FIELD 
OP3 = OPO 


LLLL — HHHH 
LLLL -» HHHH 
LLLL — HHHH 
LLLL — HHHH 


D-FIELD 
01-00 


CLL 
LLH 
HLL 
LLL ~ HHH 
LLL — HHH 
LHL 
LHL 
LLL ~ HHH 
LLt — HHH 
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TABLE 8 
WORKING REGISTER DESTINATION OPERANDS 


OP-FIELD D-FIELO S-FIELD 
OPERATION 
OP3 -- OPO D1 - DO $2 -- SO 

WR ALU AF -- WR LLLL -- HRHHH LH LLL -- HHH 
{WR minus DIP minus 1 ptus ALUCIN,XWR) LCIA — WRLXWAR Wa ALLL HH LHL 

(WA minus DIP minus 1 plus ALUCIN, XWA) RSA ~ WRLXWR IVa LLHL HH LHL 

(WR minus RF minus 1 plus ALUCIN,.XWR) LCIR — WR,XWA Vc HLLL HL LLL-+ HHH 
(WR minus AF minus 1 plus ALUCIN, XWR) RSA ~— WR,XWR Vn LLHL HL LLL -- HHH 
(WA plus ALUCIN} ASA —- WR,XWA Ve HLHL BL XXX 

(WR plus ALUCIN)] RSA — WR XWR Ve HLHL HH LHL 

(WA plus ALUCIN) LCIA ~ WR Vd LLHH HH HLH 

(WR plus ALUCIN) LCIA — WR Vd HLHH HH HLH 

{WR plus ALUCIN) LSA —- WR Ve LLHL HH HLH 

(WR plus ALUCIN) LSL — WR vi HLHL HH HLH 

(WR plus ALUCIN) ACIR -- WR Vb LLLH HH HLH 

IWR plus ALUCIN) ACIR — WR Vb HLLH HH HLH 

{WA plus ALUCIN}] RSA — WR Va LLLL HH HLH 

(WA plus ALUCIN) ASL ~ WR Ve HULL HH HLH 

(WA plus ALUCIN, XWR) LCIA — (WR, XWR) vid HHHH HH HLH | 
(WR plus ALUCIN, XWR) LCIA — (WA, XWA) vid CHHH HH HLH 

(WA plus ALUCIN, XWA) LSA - (WR, XWA) Vie LHHL HH HLH 

(WA plus ALUCIN, XWR) LSL — (WA, XWA) vit HHHL HH HLH 

(WA plus ALUCIN, XWR) RCIA -+ (WA, XWR) Vib HHLH HH HLH 

(WR plus ALUCIN, XWA) ACIR — (WA, XWA) Vib HLH 

(WR plus ALUCIN, XWA) ASA — (WA,XWR) Via HLH 

(WR plus ALUCIN, XWA) ASL — IWR, XWA) Vie HLH 

(WA plus DIP plus ALUCIN) LCIA — WR, XWA Vb 
(WA plus DIP plus ALUCIN) RSA — WR, XWR LHL 

(WR plus AF plus ALUCIN) LCIR — WA, XWR Iva HULH HL ULL -» HHH 


NOTE: When PC PRIORITY is low WR — AOP 
* XWR -- AOP 


3.11.3 WR Soureing of ADR MUX 


3.12.1 


The resident operation directs the WR to source the AOP via the ADA multiplexer during 427 of the 459 possible 
unique operations. In the cases of operation form-type Ic and Id (see Table 27) which represent the remaining 32 of 
the 459 possible unique operations, the resident operation directs the XWR to source the AOP via the ADR. When the 


PC PRIORITY input is at a high-logie level, resident operation direction of the ADR multiplexer is overridden 
allowing the PC to source the AOP. 


EXTENDED WORKING REGISTER (XWR) 


XWR General Description 


The 4-bit extended working register (KWR) is a D-type edge-triggered register which functions as 1) an accumulator 
during address derivations and 2) a WA extension during operations where double-length operands are present/ 


accumulated (iterative non-restoring divide, double-precision shifts/circulates, iterative multiply, atc.). The XWR 
sources 1} the ALU via the B multplexer, 2) the AOP via the ADR multiplexer, or 3) itself shifted right or left via the 
XWR multiplexer. The XWR is a destination via the XWR multiplexer tor either the DOB or the XWR, itself, shifted 


cight or left. 
3.12.2 XWR Source/Destination Operands 


Extended working register source and destination operands are listed in Tables 9 and 10 respectively. 


TABLE 9 
EXTENDED WORKING REGISTER SOURCE OPERANDS 


OPEHATION OP FORM O-FIELD 
(See 5.3) pe OPO 01--00 


LLLL -- HHHH 
LLLL -» HHHH 
LLLL -- HHHH 
HHHL 


XWR ALU DIP - OOP 
XWR ALU DIP -- WR 
AVIR ALU DIP -- XWAR 
XWIR plus ALUCIN - OOP 
XWR plus ALUCIN - RF 
XWA plus DIP plus ALUCIN -» WR 

XWA plus DIP plus ALUCIN .- XWR 
XWA plus AF plus ALUCIN - WR 


LLL -» HHH 
LHL 
LHL 
LLL - HHH 


NOTE When PC PRIORITY 5 low WA -> AOP 
TABLE 10 
WORKING REGISTER DESTINATION OPERANDS 


BEA OP FORM OP FIELD D-FIELO S-FIELO 
OFERATION (See 5.3) OP3 -- OPO D1-—00 “$2 ~SO0 
ocveg) ———- 


(WR minus OP minus 1 plus ALUCIN, XWR) LCIA + WR, XWR IVa HLLL LHL 
(WR minus O1P minus 1 plus ALUCIN, XWA) ASA -- WA, XWR LHL 
(WA minus AF minus 1 plus ALUCIN, XWA) LCIR -- WR, XWA LLL — HHH 
(WR minus RF minus 1 plus ALUCIN, XWR) RSA WR, XWA 
(WR plus ALUCIN) ASA -- WR, XWR 
(WR plus ALUCIN) ASA -- WA, XWR 
(WR plus ALUCIN, XWR) LCIR -- (WR, XWR) 
(WR plus ALUCIN, XWA) LCIR -> (WR, XWA) 
(WA plus ALUCIN, XWA) LSA -> (WR, XWR) 
(WA plus ALUCIN, XWA) LSL -> (WR, XWR) 
(WA plus ALUCIN, XWA) RCIA -- (WA, XWR) 
(WR plus ALUCIN, XWA) ACIA + (WR, XWA) 
(WR plus ALUCIN, XWA) ASA -- (WA, XWA) 
(WA plus ALUCIN, XWA) ASL — (WA, XWA) 
WR plus DIP plus ALUCIN -» XWR 
(WR plus DIP plus ALUCIN) LCIR -- WR, XWR 
(WR plus DIP plus ALUCIN) RSA -» WR, XWR 
WA plus AF plus ALUCIN -» XWR 

(WR plus AF plus ALUCIN) LCIR » WA, XWR 
(WR plus AF plus ALUCIN) RSA » WA, XWR 


DIP plus XWA plus ALUCIN -- XWA 
OIP -- XWA 


LHL 
LHL 
LHL 
LLL— HHH 


NOTE: Whon PC PRIORITY Is low WA -* AOP 
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When the XWR is used as a destination, the source data is recognized only when a low-level condition exists at the 
clock input. As shown in Figure 5, the source data can change during the low-level clock condition as long as the setup 
time prior to the low-to-high transition of the clock input is satisfied. 


3.123 XWR Sourcing of ADR MUX 


Operation form-type Ic and Id (see Table 27) represent 32 of the 459 possible unique operations. During these 
Operations the resident operation directs the X\WR to source the AOP via the ADR multiplexer. During the remaining 
427 of the 459 possible operations, the resident operation directs the WR to source the AOP via the ADR multiplexer. 


When the PC PRIORITY input ts at a high-logic level, resident operation direction of the ADR multiplexer is 
overridden allowing the PC to source the AOP. 


3.13. DATA-OUT MULTIPLEXER (DO MUX) 


3.13.1 00 MUX General Description 


The data-out multiplexer (DO MUX) is a multi-port, spectal purpose multiplexer which provides scaled shifting of the 
ALU output, and direct transfer of the A bus to the data-out bus, bypassing the ALU, The output port of the DO 
MUX provides, in accordance with Table 11, ALU output data not shifted, ALU output data shifted right one bit 


position, ALU output data shifted left one bit position, and A bus data not shifted. Contro! for the OO MUX is 
provided by the resident operation in conjunction with the relative position control. 


TABLE 11 
DO MUX TRANSFERS 
OPERATION TYPE i DO MUX OUTPUT 


RIGHT SHIFT ARITHMETIC WARLFT 
RIGHT SHIFT LOGICAL WRLFT 
RIGHT CIRCULATE WALFT 
ALU OUT BUS — DATA-OUT BUS ALU} 
A BUS — DATA-OUT BUS ABUS3 
LEFT SHIFT ARITHMETIC ALU2 
LEFT SHIFT LOGICAL ALU2 
LEFT CIRCULATE ALU2 


LEAST SIGNIFICANT 
POSITIONS 


a 
2z 
< 
w 
- 
7 
a 
w 
z 
4 
w 
i= 
= 


RIGHT SHIFT ARITHMETIC 
RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

ALU OUT BUS — DATA-OUT BUS 
A BUS — DATA-OUT BUS 

LEFT SHIFT ARITHMETIC 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 


MOST SIGNIFICANT 
POSITION (MSP) 
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3.13.2 DO MUX Shift Accommodations 


Special bidirectional shift accommodations are provided to or from each end of the DO MUX to facilitate 
interpackage data shifts in expanded word length systems. The direction of these shift accommodations is selected by 
the resident operation. Bit 3 (MSB) of the DO MUX for each processor element receives interpackage right shift data 
and transmits interpackage left shift data via the bidirectional shift accommodation WRLFT; bit O (LSB) receives 
interpackage left shift data and transmits interpackage right shift data via the bidirectional shift accommodation 
WRRT. Both WRALFT and WRAT, low-active signals at the package terminals, become WALFT and WRAT, 
respectively, high-active signals within the processor element. 


3.14 DATA-OUT I-MULTIPLEXER (DO IMUX) 
The data-out I-multiplexer (OO IMUX) is a special purpose multiplexer which outputs, in accordance with Table 12, 


appropriate seft-shift data via the bidirectional shift accommodation WRLFT. Control for the DO IMUX is provided 
by the resident operation in conjunction with the relative position control. 


TABLE 12 
DO IMUX TRANSFERS TO WRLFT 


TYPE 00 IMUX OUTPUT 
OPERATION To WALFT 


LEFT SHIFT ARITHMETIC 
LEFT SHIFT LOGICAL 
LEFT CIRCULATE 


INTERMEDIATE (IP) 
AND LEAST 
SIGNIFICANT 
POSITIONS 
(LSP) 


LEFT SHIFT ARITHMETIC 
LEFT SHIFT LOGICAL 
LEFT CIRCULATE 


SINGLE- 


SIGNIFICANT 
POSITION 
(MSP} 
PRECISION 
(SP) 
SHIFTS/ 
CIRCULATES 


Lad n 

2 3 ua w Fe z Zz ro LEFT SHIFT ARITHMETIC 
: ES Oo 2 3 $ Ot 3 LEFT SHIFT LOGICAL 
342 2¢990u 8z3 LEFT CIRCULATE 

oe vuoaocd “ee 

4 a -— 

” .5) 


A 

ALUS 
ALUS 
x 

XWRS 
WARS 
WAS 


LU3 
LU 
LU3 
WR 
R3 

3 

3 
WRI 


- “ 

z F3 _ wi B a 5 z 4 LEFT SHIFT ARITHMETIC WAZ 
geR ayeeset 3 LEFT SHIFT LOGICAL 

24220959 uUG75 LEFT CIRCULATE x 
Oa auagrr~%e 

a o 


7 


3.15 


3.16 


3.16.1 


3.16.2 
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DATA-OUT J-MULTIPLEXER (DO JMUX) 


The data-out J-multiplexer (DO JMUX) is a special purpose multiplexer which outputs, as per Table 13, appropriate 
right shift data via the bidirectional shift accommodation WRRT. Control for the DO JMU®X is provided by the 
resident operation in conjunction with the relative position control 


TABLE 13 
00 JMUX TRANSFERS TO WRRT 


DO JMUX OUTPUT 
TO WRAT 


OPERATION TYPE 


RIGHT SHIFT ARITHMETIC 
RIGHT SHIFT LOGICAL 
AIGHT CIRCULATE 


SIGNIFICANT 
OR INTER- 
MEDIATE {1P) 
POSITIONS 


RIGHT SHIFT ARITHMETIC 
RIGHT SHIFT LOGICAL 
RIGHT CIRCULATE 


SHIFTS/ 
CIRCULATES 


z 
z 
$3 
£5 
2 
2 
a 


PRECISION (SP) 


RIGHT SHIFT ARITHMETIC 
RIGHT SHIFT LOGICAL 
RIGHT CIRCULATE 


SIGNIFICANT 
POSITION (LSP) 
DOUBLE- 
PRECISION (DP) 
SHIFTS/ 
CIRCULATES 


EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 


XWR MUX General Description 


The extended working register multiplexer (XWR MUX) is a multi-port, special purpose multiplexer which provides 
scaled shifting of the XWR outputs and direct transfer of the data-out bus to the XWR input. The output port of the 
XWR MUX provides, in accordance with Table 14, XWR output data shilted left one bit position, XWR output data 
shifted right one bit position, and data-out bus data not shifted. The XWR MUX also sources the XWR MSB/LSB 
output. Under contro! of the relative position inputs, in the MSP the XWR MUX MSB (Bit 3) is available at the XWR 
MSB output and in the LSP the XWR MUX LSB (Birt 0) is available at the XWR LSB output. Control for the XWA 
MUX is provided by the resident operation in conjunction with the relative position control. 


XWR MUX Shift Accommodations 


Special bidirectional shift accommodations are provided to or from each end of the XWR MUX to facilitate 
interpackage data shifts when the processor element is used in expanded word length systems. Bit 3 (MSB) or bit 2 of 
the XWR MUX is selected by the resident operation in conjunction with the relative position control to receive 
double-precision interpackage right shift data or transmit double-precision interpackage left shift data via the 
bidirectional shift accommodation XWALFT; bit 0 (LSB) receives doubte-precision interpackage left shift date and 


e 
2 
¢ 
9g 
- 
2 
o 
G 
— 
a 
fe} 
= 


LEAST-SIGNIFICANT OAR 
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TABLE 14 
XWA MUX TRANSFERS 


OPERATION TYPE XWA MUX OUTPUT 


(OOUBLE-PRECISION} 


RIGHT SHIFT ARITHMETIC SINGLE-SIGNED XWALFT 
RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED XAWR3 
RIGHT SHIFT LOGICAL XWRLFT 
RIGHT CIRCULATE XWALFT 
OATA-OUT-BUS -- XWAR 0083 
LEFT SHIFT ARITHMETIC SINGLE-SIGNED XWR2 
LEFT SHIFT ARITHMETIC DOUBLE-SIGNEO ALU2 
LEFT SHIFT LOGICAL XWA2 
LEFT CIRCULATE AXVIRZ 


POSITION 


RIGHT SHIFT ARITHMETIC SINGLE-SIGNED XWRLFT 
RIGHT SHIFT ARITHMETIC OOUBLE-SIGNED XWRLET 
RIGHT SHIFT LOGICAL XWALFT 
RIGHT CIRCULATE XARLET 
DATA-OUT-BUS -- XWR DOoB3 
LEFT SHIFT ARITHMETIC SINGLE-SIGNEO XWIR2 
LEFT SHIFT ARITHMETIC DOUBI C-SIGNED XWR2 
LEFT SHIFT LOGICAL XWA2 
LEFT CIRCULATE xWR2 


INTERMEDIATE POSITION 


XWR3 
XWALFT 
XWAZ 
XWRJ 
0062 
XWRi 
xWwR1 
xWwA 
XWRI 


transmits interpackage right shift data via the bidirectional shift accommodation XWART. Both XWRLFT and 
XV/RAT, low-active signals at the package terminals, become XWRLFT and XWRAT, respectively, high-active signals 


veilhin the processor element. 


EXTENDED WORKING REGISTER K-MULTIPLEXER (XWR KMUX) 


The extended working register K-multiplexer (XWR KMUX) is a special purpose multiplexer which outputs, in 
accordance with Table 15, appropriate double-precision left-snift data via the bidirectional shift accommodation 
XWRLFT. Control for the XWR KMUX is provided by the resident operation in conjunction with the retative position 


control. 


TABLE 15 
XWA KMUX TRANSFERS TO XWRLFT 


OPERATION TYPE 
(DOUBLE-PRECISION) 


LEFT SHIFT ARITHMETIC SINGLE-SIGNED 
LEFT SHIFT ARITHMETIC DOUBLE-SIGNED 
LEFT SHIFT LOGICAL 

LEFT CIRCULATE 


SIGNIFICANT 
OR INTER- 
MEDIATE 
POSITIONS 


LEFT SHIFT ARITHMETIC SINGLE-SIGNED 
LEFT SHIFT ARITHMETIC DOUBLE-SIGNED 
LEFT SHIFT LOGICAL 

LEFT CIRCULATE 


SIGNIFICANT 
POSITION 


19 


3.18 


EXTENDED WORKING REGISTER L MULTIPLEXER (XWR LMUX) 


The extended working register L multuplexer (XWR LMUX) is a special! purpose multiplexer which outputs, in 
accordance with Table 16, appropriate double-precision night shift data via the bidirectional shift accommodation 
XWRRT. Controt for the X\VR LMUX 1s provided by the resident operation in conjunction with the relative position 
contol. 


TABLE 16 
XWR LMUX TRANSFERS TO XWARRT 


OPERATION TYPE XWR LMUX OUTPUT 
({(DOUBLE-PRECISION) TO RWAAT 


3.19 


4.1 
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RIGHT SHIFT ARITHMETIC SINGLE-SIGNED 
RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED 
RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 


OR INTER- 


F 
= 
b 
2 
< 
2 
= 
2 
7 
7) 


MEDIATE 
POSITIONS 


RIGHT SHIFT ARITHMETIC SINGLE-SIGNED 
AIGHT SHIFT ARITHMETIC OOUBLE-SIGNED 
RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 


SIGNIFICANT 
POSITION 


WORKING REGISTER MULTIPLEXER (WR MUX) 


The working register multiplexer (WR MUX) is a multi-port multiplexer which, under contro! of the resident 
operation, selects either data-in port data or data-out bus data for direct transfer to the WR. 


SHIFT/CIRCULATE OPERATIONS 


The SBPO400A and the SBPO401A uses the DO MUX in conjunction with the DO IMUX and DO JMUX to 
accomplish single-bit WR shilt/circulate operations; the XWR MUX in conjunction with the XWR KMUX and XWR 
LMUX to accomplish single-bit XWA shift/circulate operations. While single-precision shilt/circulate operations 
involve the WR only, double-precision shift/circulate operations involve the WA in conjunction with the XWR. The 
standard operation set does not include single-precision XWR shift/circulate operations. 


WR SINGLE-PRECISION SHIFTS/CIRCULATES 


WR single-precision shift/eirculate operations are directed by the resident operation with expanded wordlength “end” 
conditions handled by the relative position controls. These single-precision operations may best be represented by the 
generalized symbol: 


(WR plus ALUCIN} SHIFTED/CIRCULATED — WR 


Within a single microcycle (1 clock period), each of six possible WR single-precision shift/circulate operations is 
capable of 1) asynchronously summing the WR with the ALUCIN input, then 2) asynchronously shifting/circulating 
the sum one bit position to the right/left, and finally 3) synchronously storing the shifted/circulated result back into 
the WR. The six WA single-precision shift/circulate possibilities, with data flow paths for expanded wordlengths, are 
listed in Table 17. 


TABLE 17 
WR SINGLE-PRECISION SHIFTS/CIACULATES 


EXPANDED 
SHIFT/CIACULATE SHIFT/CIRCULATE PROROLENGTH OP -FIELO BFIELO 
OPERATION FUNCTION DATA FLOW ora oro 01-00 
PATHS 


(WR plus ALUCINI ASL -- WR FIGHT SHIFT LOGICAL (ASU) Figure 
{AR plus ALUCIN) LSL - WA LEFT SHIFT-LOGICAL [LCL Figure 9 


(WR plus ALUCIN) ASA = WA RIGHT SHIFT-ARITHMETIC (ASAL Figure 10 
OWA plus ALUCIN) LSA ~ WR LEFT-SHIFT ARITHMETIC ILSAI Figure th 


(WA plus ALUCIN) ACIA > WA RIGHT-CIRCULATE (PCIR ‘ Figure 12 
(WA plus ALUCIN) LCIR —- WA LEFT-CIRCULATE (LCIA} Figuee 13 


4.1.1 (WR Plus ALUCIN) RSL - WR 


The WR single-precision logical right-shift operation, shown in Figure 8, displaces the entire contents of the WA one 
bit position to the right. In an expanded wordiength system, a logic-tevel low is automatically right-shifted into the 
WR’s most-significant-bit (MSB) of the most-significant-package (MSP) as the WR’s contents are displaced to the right. 
This logic-level low, sourced by the least-significant-package (LSP), exits the LSP via the bidirectional shift 
accommodation WRAT and enters the MSP via the bidirectionat shift accommodation WALFT. During each WR ASL 
operation, the WR’s displaced LSB of the LSP is discarded. 


OA0DA/O4018 “0400A,704014 ‘doaa/'oa01 A 
 paleetiantiacientententantenten 1 mtetentesiontcalentantestes tl mtectenteniotenteteetetan 
| wa 1 wR | WR Logic.tever | 
i] 1 Low 
LOGIC-LEVEL | | Logicrever 
miGH lwacer [ WALFT Oo} | HIGH 


NOTE WART. WALFT, ARE HIGH ACTIVE INTRA-PACKAGE AND LOW-ACTIVE [INVERSE POLARITY! INTER-PACKAGE 


FIGURE 8 — RIGHT SHIFT LOGICAL — SINGLE PRECISION [RSL — SP) 


4.1.2 (WR Plus ALUCIN) LSL > WA 


The WR single-precision logical lefi-shift operation, shown in Figure 9, displaces the entire contents of the WR one bit 
Position to the left. In an expanded wordlength system, a logic-level low is automatically left-shifted into the WR’s 
LSB of the LSP as the WA’s contents are displaced to the left. This logic-level low, sourced by the MSP, exits the MSP 
via the bidirectional shift accommodation WRLFT and enters the LSP via the bidirectional shift accommodation 
WRRT. During each WR LSL operation, the WR’s displaced MSB of the MSP is discarded. 


“O00ASO401A ‘OAQDASO401A 


wR 
| cocie-rever It 
Low I | 


1 
WRRT] | WRLFT WRAT[ | WALFT 
tnt iof o> e | 1 EEZE 


| Locie-rever 
WRAT[ HIGH 


LOGIC-LEVEL 
HIGH 


DISCARDED 


NOTE: WART, WALFT, ARE HIQH-ACTIVE INTAA-PACKAGE ANO LOW-ACTIVE (INVERSE POLARITY) INTER PACKAGE 


FIGURE 9 — LEFT SHIFT LOGICAL — SINGLE PRECISION (LSL — SP) 
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4.1.3 


4.1.4 


22 


(WR Plus ALUCIN) RSA ~ WA 


The WA single-precision arithmetic right-shift operation, shown in Figure 10, displaces the entire contents of the WR 
one bit position to the right. The MSB of the MSP is designated as a sign-bit. As the entire contents of the WR is 
displaced to the right, the sign-bit does nor change. Rather the stgn-bit is duplicated to the right, The displaced LSB of 
the LSP exits the LSP via the bidirectional shift accommodation WRAT. 


“OanDA D401 a "aoa AoA “OS0DA/ OFOTA 


NOTE WHAT, WALFT, ARE HIGH ACTIVE INTRA PACKAGE AND LOW ACTIVE UNVERSE POLARITY! INTER PACKAGE 
FIGURE 10 — RIGHT SHIFT ARITHMETIC — SINGLE PRECISION {RSA — SP) 
(WR Plus ALUCIN) LSA ~ WR 


The WR single-precision arithmetic left-shift operation, shown in Figure 11, 1s functionally identical to the WR 
single-precision logical left-shift operation. The \¥R’s MSB of the MSP, although designated as a sign-bil, is discarded 
as the entire contents of the WR is displaced one bit position to the left. As cach WR LSA operation is performed, the 
BMSB output (WR: sign bit) may be compared to the MSB of the MSP’s DOP (data displacing into WR sign bit) to 
detect an impending change in WA sign-bit polarity. 


“ODADAS A “CADDAOA01A ‘OAODA/ C4018 


I Locic ceven 
WHAT ) GH 


MOTE: WRAT, WALIT, ARE HIGH ACTIVE INTRAPACKAGE ANO LOW-ACTIVE [INVERSE POLARITY! INTER PACKAGE 
FIGURE 11 — LEFT SHIFT ARITHMETIC — SINGLE PRECISION {LSA — SP) 
(WR Plus ALUCIN) RCIR ~ WR 


The WR single-precision right-circulate operation, shown in Figure 12, displaces the entire contents of the WR one bit 
Position to the right. The displaced LSB of the LSP replaces the displaced MSB of the MSP. The displaced LSB of the 
LSP exits the LSP via the bidirectional shift accommodation WRAT and enters the MSP via the bidirectional shift 
accommodation WRALFT. 


Oag0A OAOrA CAA: CATR “04008 O1D1A 


NOTE WART, WALFT. ARE HIGH ACTIVE INTRA PACKAGE AND LOW ACTIVE [INVERSE POLAHITY) INTER PACKAGE 


FIGURE 12 — RIGHT CIRCULATE — SINGLE PRECISION (RCIR — SP) 


4.1.6 (WR Plus ALUCIN) LCIA + WA 
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The WR single-precision left-circulate operation, shown in Figure 13, displaces the entire contents of the WR one bit 
Position to the left. The displaced MSB of the MSP replaces the displaced LSB of the LSP. The displaced MSB of the 
MSP exits the MSP via the bidirectional shift accommodation WRCFT and enters the LSP via its bidirectional shift 
accommodation WRRT. 


‘OADDAOA01A “OAODAs‘O401A “O400A/'O401A 


NOTE WART, WALFT, ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTERPACKAGE. 


FIGURE 13 — LEFT CIRCULATE — SINGLE PRECISION (LCIR — SP} 
WR,XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 


WA,XWR double-precision shift/circulate operations are directed by the resident operation with expanded wordlength 
“end” conditions handled by the relative position controls. The double-precision shift/circulate operations may best 
be represented by the generalized symbol: 


(WR plus ALUCIN, XWR) SHIFTED/CIRCULATED > WR,XWR 


Within a single microcycle, cach af eight possible WR,XWR double-precision shift/circulate operations is capable of 1) 
asynchronously summing the WR with the ALUCIN input, then 2) asynchronously double-precision shifting/ 
Circulating the sum with the WR and XWR considered as one double-length register, and finally 3) synchronously 
storing the shifted/circulated result into the double-tength register formed by WR in conjunction with the XWR. The 
eight WR,XWR double-precision shift/circulate possibilities, with data flow paths for expanded wordlengths, are listed 
in Table 18. 


TABLE 16 
WR, XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 


EXPANDED 
SHIP T/CIRCULATE GHIFT/CIRCULATE WOROLENOTH OP-FIELO OFIELO 
OPERATION PUNCTION OATA FLOW bI1- 00 
PATHS 


(WR plus ALUCIN, XWA) ASL ~ WA, XWA RIGHT-SHIFT-LOGICAL IRSLI 
MWA las ALUCIN, XWAILSL - WA, XWA LEFT SHIFT-LOGICAL (LSL) 


(WA plus ALUCIN, XWA) ASA - WAR, KWA RIGHT-SHIFT-ARITHMETIC (ASAD 
WA plus ALUCIN, AWA) LSA + Wh. XWA LEFT-SHIFT-ARITHMETIC (LSAL 


OWA plus ALUCIN, AWA ACI - WA, XWA RIGHT-CIRCULATE (ACIAE 
{WR plys ALUCIN, KWAI LCIN ~ WR, KWA LEPT-CIRCULATE [LCIR} 
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4.21 


(WR Plus ALUCIN, XWR) RSL ~ WR,XWR 


The WA,XWR double-precision logical right-shift operation, shown in Figure 14, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR’‘s displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 
XWRAT and enters the XWR’s MSB of the MSP via the bidirectional shift accommodation XWALFT. A logic-levei 
fow is automatically right-shifted into the WA’s MSB of the MSP. This logic-level low, sourced by the LSP, exits the 
LSP via the bidirectional shift accommodation WRRT and enters the MSP via the bidirectional shift accommodation 
WALFT. During each WR,XWR RSL operation, the XWR’s displaced LSB of the LSP is discarded. 


*O400A/'O401A “ "OAODASOSOTA 


LOGIC-LEVEL | 


HIGH 
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LOGIC-LEVEL 


HIGH 
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| LOGiC-LeveL 
LOGIC LEVEL | HIGH 


| tow 


NOTE WART, WALFT, KWART, XWALFT ARE HIGH-ACTIVE INTRAPACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER PACKAGE. 


FIGURE 14 — RIGHT SHIFT LOGICAL — DOUBLE PRECISION (ASL — OP} 
(WR Plus ALUCIN, XWA) LSL - WR,XWA 


The WR,XWR double-precision logical left-shift operation, shown in Figure 15, displaces the entire contents of the 
double length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
wordlength system, the XWRA’s displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
WRLFT and enters WA’s LSB of the LSP via the bidirectional shift accommodation WRAT. A logic-leve! low is 
automatically left-shifted into the XWA‘s LSB of the LSP. This logic-level low, sourced by the MSP, exits the MSP via 
the bidirectional shift accommodation XWRLFT and enters the LSP via the bidirectional shift accommodation 
XWRAT. During each WR,XWR LSL operation, the WR’s displaced MSB 1s discarded. 


“O400A/'04014 “OA00A 04014 “O400A/'O401A 


OISCRADED 


LOGIC-LEVEL 
XWART | HIGH 


| 
| LOGIC-LEVEL LOGIC-LEVEL 
tow NBR Low | 


NOTE: WRAT, WRLFT, XWRAT, XWRLFT ARE HIGH-ACTIVE INTRAPACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 


FIGURE 16 — LEFT SHIFT LOGICAL — DOUBLE PRECISION (LSL — DP) 


4.2.3 (WR Plus ALUCIN, XWR) RSA ~ WR_XWR 


The WR,XWR double-precision arithmetic right-shift operations, shown in Figures 16 and 17, displace the entire 
contents of the double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. 
In an expanded wordlength system, the WR’s displaced LSB of the LSP exits the LSP via the bidirectional shift 
accommodation XWRAAT and enters either the XWR’s MSB or MSB-minus-1 of the MSP (see 4.2.3.1 and 4.2.3.2). The 
Polarity of the MSP’s relative position control input POSO selects between single-signed and double-signed 
double-precision arithmetic right-shift operations. 


4.23.1 Single-Signed Double-Precision RSA {MSP POSO=H) 


For the single-signed WR,XWR double-precision right-shift operation, shown in Figure 16, the WR’s MSB of the MSP 
Only ts designated as a sign-bit. As the entire contents of the WR,XWR is displaced one bit position to the right, the 
sign-bit does nor change. Rather, the sign-bit is duplicated to the right. The WA's displaced LSB of the LSP exits the 
LSP via the bidirectional shift accommodation KWART and enters the XWR’s MSB of the MSP via the bidirectional 
shift accommodation RWALFT. The XWA’s displaced LSB of the LSP is discarded. 

“D400A/'0401A “O00A/'04014 “OAQDAs'O401A 


DISCARDED 


Ce ete es Se ene i ee cane 


NOTE. WART, WALFT, XWART, XWALFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY! INTER-PACKAGE. 
FIGURE 16 — RIGHT SHIFT ARITHMETIC — SINGLE SIGN/OOUBLE PRECISION (RSA — SS/OP) 


4.2.3.2 Double-Signed Double-Precision RSA (MSP POSO=L} 


For the double-signed WR,XWR double-precision right-shift operation, shown in Figure 17, both the WR’s and XWR’s 
MS6 of the MSP are designated as a sign-bit. As the entire contents of the WR,XWR is displaced one bit position to 
the right, the sign-bits do not change. Rather, the WR’s sign-bit is duplicated to the right while the XWR’s sign-bit is 
held stationary. The WR’s displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation KWAAT 
and enters the XWR’s MSB-minus-1 of the MSP via the bidirectional shift accommodation XWALFT. The XWR’s 


displaced LSB of the LSP is discarded. 
*04008/'0401A ‘OAO0A/'0401A 
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NOTE: WART, WALFT, XWART, XWALFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE [INVERSE POLARITY) INTER-PACKAGE. 


FIGURE 17 — AIGHT GHIFT ARITHMETIC — DOUBLE SIGN/DOUBLE PRECISION (RSA — DS/DP) 
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4.2.4 (WR Plus ALUCIN, XWR) LSA — WR,XWR 


The WR,XWR double-precision arithmetic left-shift operations, shown in Figures 18 and 19, displace the entire 
contents of the double-length register, formed by the WR in conjunction with the XWR, one bit position to the left. 
In an expanded wordiength system, either the XWR’s displaced MSB or MSB-minus-1 of the MSP exits the MSP via 
the bidirectional shift accommodation WRLFT and enters the WR‘s LSB of the LSP via the bidirectional shift 
accommodation WART. The polarity of the MSP’s relative position contro! imput POSO selects between single-signed 
and double-signed double-precision arithmetic left-shift operations. 


4.2.4.1 Single-Signed Double-Precision LSA (MSP POSO=H]} 


The single-signed WR,XWR doubie-precision arithmetic left-shift operation, shown in Figure 18, 15 functionally 
identical to the WA,XWR double-precision logical left-shift operation. The WR’s MSB of the MSP, although designated 
as a sign-bit, is discarded as the entire contents of the double-!ength WR,X\WR register is displaced one bit position to 
the left. As each WR,XWR LSA operation is performed, the 8MSB output (WR sign bit) may be compared to the MSB 
of the MSP’s DOP (data displacing into WR sign bit) to detect an impending change in WA sign bit polarity. 


"OA00A/'04014 ¥ “O400A/' 040148 
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NOTE: WART, WALFT, XWAAT, KWRLFT ARE KIGH-ACTIVE INTRAPACKAGE AND LOW-ACTIVE (INVERSE POLARITY! INTER-PACKAGE 


FIGURE 16 — LEFT SHIFT ARITHMETIC — SINGLE SIGN/DOUBLE PRECISION (LSA — SS/DP} 


4.2.4.2 Double-Signed Double-Precision LSA (MSP POSO=L) 


The double-signed WR,XWR double-precision arithmetic left-shift operation shown in Figure 19 is, with one 
exception, functionally identical to the WR,XWR double-precision left-shift operation. The exception is, the XWR’s 
sign-bit is automatically forced to the polarity of the MSP’s ALU2 output. As each double-signed double-precision 
LSA operation is performed, the WR’s sign-bit is discarded. Consequently the BMSB output (WA sign bit) may be 
compared to the MSB of the MSP’s DOP (ALU2 data displacing into WR sign bit} to detect an impending change in 
WR sign bit polarity. 


“OADDASOAOTA ‘O400A/'O401A 


1 
LOGIC-LEVEL 
Low 


NOTE: WART, WALFT, XWART, XWRLFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY) INTER PACKAGE. 


FIGURE 19 — LEFT SHIFT ARITHMETIC — DOUBLE SIGN/DOUBLE PRECISION (LSA — DS/DP) 
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428 


(WR Plus ALUCIN, XWA) ACIR -- WA,XWR 


The WR,XWR doubhle-precision right-circulate operation, shown in Figure 20, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 
XWRRT and enters the XWR’s MSB of the MSP via the bidirectional shift accommodation XWRLFT. The XWA's LSB 
of the LSP exits the LSP via the bidirectional shift accommodation WRAT and enters the WR’s MSB of the MSP via 
the bidirectional shift accommodation WALFT. 


“O400A/'O401A ‘O400A/'O401A 


"OTE WART. WALET, XWART, XWALFT ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY} INTERPACKAGE. 


4.2.6 


FIGURE 20 — RIGHT CIRCULATE — DOUBLE PRECISION (RCIA — DP) 
(WR Plus ALUCIN, XWA) LCIR ~ WR,XWR 


The WR,XWR double-precision left-circulate operation, shown in Figure 21, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
wordlength system, the WR’s displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
XWRLFT and enters the XWA’s LSB of the LSP via the bidirectional shift accommodation XWRAT. The XWR’s MSB 
ot the MSP exits the MSP via the bidirectional shift accommodation WRLFT and enters the WA's LSB of the LSP via 
the bidirectional shift accommodation WART. 


“O400A/'0401A “O400A/0401A “OA00As'O401A 


NOTE: WART, WALFT, XWART, XWRLET ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE (INVERSE POLARITY} INTER PACKAGE. 


FIGURE 21 — LEFT CIRCULATE — DOUBLE PRECISION (LCIR — DP) 
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43 COMPOUND-FUNCTION WR,XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 


Compound-tunction WR,XWR double-precision shift/circulate operations extend the processing power of the basic 
double-precision RSA and LCIR operations to boost systems-level efficiency in the assembly of iterative 
macro-instructions such as multiply and non-restoring divide. These compound-function shift/circulate operations, 
directed by the resident operation with expanded wordlength “‘end’ conditions handled by the relative position 
controls, may best be represented by the generalized symbol: 


(WR plus/minus A plus ALUCIN, XWR) RSA/LCIR -- WR,XWR 
where A is e:ther the DIP or RF 


Within a single microcycle, each of eight possible compound-function WR,XWR double-precision shift/circulate 
Operations is capable of 1) asynchronously summing/subtracting either the RF or DIP with/from the WR, then 2} 
asynchronously adding the resuit to the ALUCIN input, then 3) asynchronously double-precision shifting/circulating 
(RSA/LCIR) the result with the WR and X\WR considered as one double-length register, and finally 4) synchronously 
storing the shifted/circulated result into the double-length register formed by the WR in conjunction with the XWR. 
The eight compound-function WR,XWR double-precision shift/circulate possibilities, with data flow paths for 
expanded wordlengths, are listed in Table 19. 


TABLE 19 
COMPOUND-FUNCTION WA, XWR 
DOUBLE PRECISION SHIFTS/CIRCULATES 


EXPANDEO 
WORDLENGTH 
DATA FLOW 
PATHS 


SHIFT/CIRCULATE 
OPERATION 


SHIFT/CIRCULATE 
FUNCTION 


OF-FIELD 
OP3 -OFO 


D-FIELO S-FIELD 
O1-D0 «662-80 


WR eras OP emerer TD piur ALUCIN, MAA LCIR = WR, XA LEFT CrACULATE ILCIA) 
EAR eminas AF IA) minus Vocus ALUCIN, XA LCIR WA, KA | LEFT-CIRCULATE (LCIAD 


Figure 21 
Fogure 21 


tHE 
LLL = HAH 


WA pies O1F plus ALUCIN, Xs LOI = WR, A LEFT-CiACULATE (LCIR) Figure 21 LHL 
AER plat AFL os ALUCIs, VAY LIA = A LEFT CIRCULATE (LCIRI Figure 21 LLL ~ HHA 
(WA om nut DIP mings 1 ois ALUCIU, XR) ASA -- HR. XW RiGAT-SHIFT ARITHMETIC (RSA) Figure 16 LHL 


WR mings RF lab minus totes ALUCIM, AMA) ASH WR, XH 


RIGHT SHIFT. ARITHMETIC (RSA) Figure 16 LLL ++ HHH 


(WR plus DIP plus ALUCIN, XRD RSA -= ALR 
IWR plus RF lal piys ALUCIN, ARI ASA © 18 NA 


RIGHT-SHIFT ARITHMETIC [ASAD 
RIGHT. SHIF T-ARITHMETIC (ASA) 


LAL 
LLL-+ HHH 


Figuie 16 
E.guee 16 


5. OPERATION SET (MICROINSTRUCTION SET) 


The SBPO400A and SBPO401A are supplied with an identical set of 459 non-redundant standard factory-defined 


operations (microinstructions). The only difference between the SBPO400A and the SBPO401A is the presence and 
absence of the operation register (OR): 


a, The SBPO400A contains a 20-bit operation register. After the 9-bit operation code is applied (and 
setup), the positive-going clock transition causes the resident operation to be stored in the OR. See 
Figure 5 and microinstruction overlap, paragraph 5.1. 


b. The SBPO401A, without the OR, derives its resident operation from a steady-state 9-bit code applied at 
the operation select inputs. See Figure 5. 
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5.1 SBP0400A MICROINSTRUCTION OVERLAP 


Within a single microcycle (1 clock period), any one of the ‘0400A’s 459 unique operations may be both selected and 
executed. While the “present” microinstruction is directing the ‘0400A‘s functional blocks and data paths from the 
OR, the “next” microinstruction may be setup for entry into the OR. As the results of the “present” microinstruction 
are synchronously stored at their appointed destination, the ‘‘next’’ microinstruction simultaneously enters the OR 
where it becomes the ‘‘present’’ microinstruction. This technique of overlapping microinstruction setup with 
microinstruction execution (Figure 5) allows a string of successive microinstructions to be executed, one each, during 
successive microcycles. 


5.2 OPERATION-SELECT WORD 
Each of the 459 operations is selected by presenting 9-bits of encoded microinstruction data to the operation-select 
input lines which 1s then asynchronously decoded/transtated by the PLA. In the SBPQ400A this decoded/translated 
microinstruction enters the OR synchronous with the completion of the previous microinstruction (positive transition 
of the clock) to become the resident operation. In the SBPO401A this decoded/transtated microinstruction is 


distributed directly from the 20 outputs of the PLA as the resident operation. 


The 9-bit operation-select word is partitioned, as shown below, into three interacting fields: 1) the 2-bit D-fietd, 2) the 
4-bit OP-field, and 3) the 3-bit S- field. 


OPERATION-SELECT WORD 


OP-FIELD O-FIELD S-FIELD 


5.2.1 O-Field, Operation-Select Word 


This 2-bit D-field (D1 -» DO) of the operation-select word governs the manner in which the OP-field and S-field are 
interpreted to specify the operations. Four D-field possibilities exist. They are: LL, LH, HL, and HH. 


5.2.1.10-Field = LL 


When the D-field is ‘LL’, the AF and WR, as shown below, are designated as operand sources with the RF also 
designated as the operation-result destination. 


RF ALU WR -> RF ALU: LLLL -® HHHH RF: LLL -® HHH 
OP3 OP2 OP1 opo=8s*OD1 bo $2 $1 so 
The 3-bit S-field is interpreted to select 1 of 8 RF locations both as an operand source and an operation-result 


destination; the 4-bit OP-ficld is interpreted to select one of 16 ALU functions (micro-operations) as the operand 
combination/modification mechanism. 
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5.2.1.2D-Field = LH 


When the D-field is “LH’’, the RF and WR, as shown below, are designated as operand sources with the WR also 


designated as the operation-result destination. 
RF ALU WR -> WR ALU: LLLL -» HHHH RF: LLL —» HHH 


OP3 OP2 OP1 OPO 01 00 $2 $1 so 


The 3-bit Sfield is interpreted to select 1 of 8 RF locations as an operand source, the 4-bit OP-field is interpreted to 
select one of 16 ALU functions (micro-operations) as the operand combination/modification mechanism. 


5.2.1.3 D-Field = HL 


When the D-field is “HL, the ALU functions (micro-operations) available for the combination/modification of 
operands are limited to 1) plus, 2) minus, or 3) unconditional ALU-bypass (no ALU function} 


As shown in Table 20, the 3-bit Sfield is primarily interpreted to select one of cight AF locations as an operand 
source and/or operation-result destination; the 4-bit OP-field is interpreted to select a limited ALU function in 
conjunction with an operand source and/or operand-result destination. 


TABLE 20 
D-FIELD = HL 


S2 $1 so 
(WR minus RF minus 1 ptus ALUCIN, XWR) RSA — WR, XWR 
RF plus WR plus ALUCIN - XWR 
RF plus DIP plus ALUCIN -- WR 
RF plus DIP plus ALUCIN — XWR 


Don't Care 
OP + WR H c 
x x x 


AF plus DIP plus ALUCIN ~- RF RF. ULL ~ HHH 


(WR minus AF minus 1 plus ALUCIN, XWR) LCIA -- WR, XWR Hq L L L H L RF: LLL -» HHH 


(WR plus AF ptus ALUCIN) RSA ~ WA, XWA AF. LLL -- HHH 


AF plus X¥#R plus ALUCIN -- WR RF. LLL -- HHH 
RF plus XWR plus ALUCIN -- XWR 
XWA plus ALUCIN — RF 

DIP — RF 


§.2.1.4 D-Field = HH 


When the D-field is “HH”, the RF is neither used as an operand source nor an operation-result destination. Rather, 
two S-field possibilities (LHL, HLH) are, as shown in Table 21, interpreted to extend the 4-bit OP-field to setect one 
of 32 non-RF operations. The extended OP-field 1s interpreted to select a limited ALU function in conjunction with 
an operand source(s) and an operation-result destination. 
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TABLE 21 
D-FIELD = HH 


OP3 OP2 OP1 OPO 01 DO s2 $1 so 


DIP -- DOP 

DIP -- XWA 

(WR minus DIP minus 1 plus ALUCIN, XWR) RSA -- WA, XWAR 
DIP plus WR plus ALUCIN — XWR 

F,, plus ALUCIN -- DOP 

OIP plus WR plus ALUCIN -- DOP 

OIP -- WR 

OIP plus WR pius ALUCIN — DOP 

(WR minus DIP minus 1 plus ALUCIN, XWR) LCIR - WR, XWR 
(WR plus DIP pilus ALUCIN, XWR) LCIR — WR, XWA 

(WR plus ALUCIN, XWA) ASA — WR, XWA 

(WR plus DIP plus ALUCIN, XWR) RSA — WR, XWR 

OIP plus XWR plus ALUCIN -- WR 

DIP pilus XWR plus ALUCIN -- XWR 

XWR plus ALUCIN — OOP 

DIP -- DOP 


Feerecr err rr rrerree 
TrIrrrrrririrrrriargre:. 
rerrcrerrerrrerrerere 


t 
L 
l 
L 
H 
H 
H 
H 
Lt 
L 
L; 
L 
H 
H 
H 
H 


Trrrrrrrerrrreere 
Irerrrerr rreerreer 
Tererererrererrerrie 


OP3 or2 oP1 oro 01 DO Sz Si sO 


(WA plus ALUCIN) RSA - WA 

(WR plus ALUCIN) RCIR - WR 

(WR plus ALUCIN) LSA -- WA 

(WR plus ALUCIN}) LCIR -- WA 

(WA plus ALUCIN, XWR) RSA -- WR, XWA 
(WR plus ALUCIN, XWR) RCIR - WR, XWA 
(WR plus ALUCIN, XWR) LSA -- WA, XWR 
(WA plus ALUCIN, XWA) LCIA + WR, XWA 
(WR plus ALUCIN)RSL -> WR 

(WR plus ALUCIN) RCIR - WA 

(WR plus ALUCIN) LSL-» WA 

(WR plus ALUCIN) LCIR - WA 

(WR plus ALUCIN, XWA) RSL -- WR, XWA 
(WR plus ALUCIN, XWR) RCIA +» WR, XWR 
(WA plus ALUCIN, XWR) LSL — WAR, XWA 
{WR plus ALUCIN, XWR) LCIR ~ WA, XWR 


ZrIrrTrererer rrrreerre 
TIrerrrerrrergzxrere 
zrrrrrrrrrrrxrxrr: 
trrrrrrrrrrrrig:|; 


L 
l 
L 
L 
l 
t 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


OP3 oP2 OP1 oro Di oo s2 S1 so 


5.22 OP-Field, Operation-Select Word 


The 4-bit OP-field (OP3 -» OPO) of the operation-select word interacts with the D-field and S-fiald to specify an ALU 
function as the operand combination/modification mechanism for operations (microinstructions). 


5.2.2.1 OP-Field ALU Function (Micro-Operation) Selection 


The most consistent utilization of the OP-field is realized when specifying one of 16 ALU functions, listed in Table 
22, as the operand combination/modification mechanism for those particular operations listed in Table 23. For those 
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TABLE 22 
ALU FUNCTION (MICRO-OPERATION SELECT) 


ACTIVE-HIGH DATA 
ALUCIN =H ALUCIN =L 
(WITH CAARY) (NO CARRY) 


Fa=l 


ALU 
OP-FIELD 
OP3 OP2 oP1 oro 


Fo®H 


Fn=B minut A Fo = B minus A minus 1 
Fn «A minus B minus 7 


Fn=AplusB 


Fa=Amau8 


Fn=AplusB plus? 


Fn* 8 plus! Fa=6 
Fn= 8 plus Fne 8 
Fa=Apiust Fnea 


Fa=A 
Fa» AnBa 
Fn=An © Bn 
Fn=An @ Bn 
Fn = AnBn 

Fr = Ann 
Fn=An+ Bn 
Fn=An+ Ba 
Fn«An- Bn 


Fn= Aplus} 


BEDE rz rere ree 
rxrxrrrrerizrrrTrereree 
Ser 2 res eee es ee 
re2rerrerirl|xrerririse 


TABLE 23 
16 FUNCTION ALU OPERATIONS 


OP3 — OPO Di OO S2 s1 so 


AF ALU WR — RF : LLLL—- HHHH L L : LLL-+ HHH 
RF ALU WR - WA : LLLL - HHHH L H >: LLL - HHH 
“DIP ALU WR — OOP : LLLL —- HHHH H H L 
*DIP ALUWR— WR > LLLL-» HHHH H H 

OIP ALU XWR -- WR ; LLELL-- HHHH H H 

DIP ALU WA — XWR > LLLL ~ HHHH H H 

DIP ALU XWR — XWA : LLLL —- HHHH H H 

DIP ALU XWA — DOP : LLLL—~ HHHH H H 


NOTE: When PC PRIORITY is low WR ~ AOP 
* XWR — AOP 


operations, the D-field interacts with the S-field to specify two operand sources in combination with an 
operation-result destination. Either the DIP or RF is available as an operand source to the “A"’ input port of the ALU; 
either the DIP, WR or XWR is available as an operand source to the “‘B” input port of the ALU. Ultimate destinations 
for ALU output results include either the DOP, RF, WR or XWR. 


An ALU function from Table 22 may be selected as the operand combination/modification mechanism for each 
operation in Table 23 by simply choosing the appropriate OP-field code. For example, a D-field code of “HH” 
interacts with an S-field code of “‘LLH” to specify the operation DIP ALU WR — WR. If the WR is to be subtracted 
from the DIP, an OP-field code of “LLHL” (F, = A minus 8, ALUCIN = H) must be selected from Table 22 along 
with an ALUCIN = H forced into the LSP. The resulting operation-select word will then specify the operation DIP 
minus WR > DOP. 


An OP-field choice of “LLLH’’ would automatically interchange the operands and specify the operation WA minus 
DIP + DOP. In fact, any of eight arithmetic or eight Boolean ALU functions may be selected from Table 22 and 


impressed upon any operation in Table 23. 


Although the ALU generally accepts two operand sources simultaneously as inputs, certain ALU functions may be 
selected trom Table 22 which only consider one operand source. These ALU functions, when impressed upon the 
operations of Table, 23, specify the register transfer operations of Table 24. These register transfer operations allow: 
1) unconditioned transfers, X + Y with the LSP’s ALUCIN = L, 2) incrementing transfers, X plus 1 Y with the 
LSP’s ALUCIN = H, 3) one’s-complement transfers, K+ Y with the LSP’s ALUCIN = L, and 4) two's-complement 
transters, X plus 1 -> Y with the LSP’s ALUCIN = H. 


TABLE 24 
REGISTER TRANSFER OPERATIONS 


AF: LLL - HHH 


WR p.us ALUCIN 4+ AF 
AF: LLL HHH 


AF pius ALUCIN -» WR 
WA pus ALUCIN— XWA 
XVR plus ALUCIN -- WA 
CIP plus ALUCIN -» WA 
O!P p:us ALUCIN -- XWA 
DIP plus ALUCIN -+ DOP 
XW/R plus ALUCIN -» DOP 
*DIP plus ALUCIN -- DOP 
°vR plus ALUCIN -» DOP 
OIP plus ALUCIN -» WA 


Ferrrrrerers 
a i 2 
Sree rre rere 


L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 


WA plus ALUCIN -» RE 
FF plus ALUCIN —- WA 
WR plus ALUCIN -- XWA 
XA plus ALUCIN -» WA 
‘DIP plus ALUCIN -» WR 
DIP plus ALUCIN -» xWA 
DIF plus ALUCIN ~- DOP 
XWA plus ALUCIN -- DOP 
“DIP plus ALUCIN -- DOP 
“WR plus ALUCIN -- DOP 
“DIP plus ALUCIN ~ WA 


L 
L 
H 
H 
H 
L 
L 
L 


Eee ee Sr er eer 
rTrTrTrIrrTrTrxrixr¢1gre¢ée 
Zerrrrrerrgierc 
ZIrIrTITELTILIC.E 
rrrrr~rzrrgrerer 
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S)rrerrrrrrre(Qierrrrrrzrxz2xFilg 


oPp3 oPp2 ort oro Dt 
*XWR -+ AOP, othorwise WA ~- AOP. PC PRIORITY overrides. 


Certain ALU functions may be selected from Table 22 to facilitate register “clear’ (all logic-level Oras 
“preset’’ (all togic-level HIGHs) operations. These ALU functions, when impressed upon the operation A 


specify the register “clear” and “preset” operations of Table 25. 


TABLE SD 
REGISTER CLEAR AND PRESET OPERATIONS 


oo $2 S1 SO 


LOW — RF, ALUCIN = HIGH 
LOW -+ WA, ALUCIN © HIGH 
*LOW -- WR, ALUCIN + HIGH 
LOW -- XWR, ALUCIN = HIGH 
LOW -- DOP, ALUCIN = HIGH 
“LOW -- DOP, ALUCIN - HIGH 


rIrIririeer 


HIGH — AF, ALUCIN - LOW 
HIGH -- WR, ALUCIN « LOW 
“HIGH -- WR, ALUCIN = LOW 
HIGH — XWR, ALUCIN = LOW 
HIGH -- DOP, ALUCIN = LOW 
*HIGH -- DOP, ALUCIN = LOW 


rrtrridgie 


*XWR -- AOP, otherwise WA -: AOP. PC PRIORITY KIGH overrides 


5.2.22 OP-Field Operand-Source/ALU Function/Operation-Result-Destination Selection 


5.2.3 


5.3 


The 4-bit OP-field also interacts with the D-field and S-field to specify the operations of Tables 22 and 23. For these 
operations, the ALU functions available for operand combination/modification are limited to: 1) plus, 2) minus, and 
3) unconditioned ALU-bypass (no ALU functions). 


RF6 
RF7 (PC) 


TABLE 26 

S-Field, Operation-Select Word RP SELEG TION 

The 3-bit S-field (S2~$SO) of the operation-select r am 

word either: 1) specifies one of eight RF locations, OCATION 

shown in Table 26, as an operand source and/or ee rs i Fe 

Operation-result destination, or 2) extends the 4-bit es GC % 

OP.field to select one of 32 non-RF operations as listed ‘ 7 

in Table 23. Are b . 

RF3 L H H 

INDEX TO MICROINSTRUCTIONS BY OPERATION AFA . . . 

FORM RFS H L H 
H H L 
H H H 


The operation (microinstruction) set may be sectioned 
into six operation-forms as described in Tables 27 
through 32 Each operation-form may, in turn, be NOTE: OLE CD CUS CE SOr re: 

subsequently sectioned into a group of operation-types. !n general, for each operation type, the WR is automatically 
selected by the OR to source the AOP via the ADR MUX. The exception to this statement is realized in 
operation-form !, operation-types a and b where the XWR is automatically selected by the OR to source the AOP via 
the ADR MUX. Of course, when the PC PRIORITY input is taken to a logic-level high, OR selection of the ADR 
MUX is overridden. In this situation, the PC is priortized to source the AOP via the ADA MUX. 


In general, the execution results of most operations may be monitored at the DOP whether the result destination is 
the RF, WR, XWR or DOP itself. The only exceptions are realized when the DOB is not involved in operation 
execution. These exceptions include the DIP > WR transfer of operation-form II! operation-type d, and the XWR 
portion of the double-precision shift/circulates involved throughout operation-forms |V and VI. 


53.1 


5.32 


5.3.3 


Operation — Form | 


Operation form | may be 
utlized to perform one of 
16 ALU functions, selected 
by the Operation-Select 
Word OP-field, on two of 
Jour operand sources, (RF, 
WR, XWR, DIP). The result 
is transferred to one of four 
operation-result destinations 
(RF. WR, XWR, DOP). 


Operation — Form II 


Operation form tl may be 
vulized to arithmetically 
sum one or two operand 
sources (RF, WR, XWR, 
DIP) and a tipple-carry-in 
(ALUCIN). The operation: 
result 1s transferred to one 
of four destinations (RF, 
. XWR, DOP). 


Operation — Form III 


Operation form Il may be 
utilized to transfer one or 
(wo operand sources (RF, 
DIP) to one of four destina- 
tions (RF, WR, XWR, 
DOP). 


TABLE 27 
OPERATION FORM | 


: LLLL —- HHHH RF: CLL - HHH 
: LLLL - HHHH AF: LLL -» HHH 
> LLLL ~ HHHH l 
: LLLL ~ HHHH 
>: LLLL -~- HHHH 
: LLLL — HHHH 
: LLLL ~ HHHH 
: LLLL-- HHHA 


RF ALUWR - RE 
.| AF ALUWR -WR 
*OIP ALU WR ~ DOP 
*OIlP ALU WA -- WA 
OIP ALU XWR - WA 
DIP ALU WA -- XWR 
OIP ALU XWR -- XWR 
.| OtP ALU XWRA -- DOP 


TItrrrire 


HIGH overrides 


*XWR -- AOP, otherwise WR -- AOP_ PC PRIORITY - 
TABLE 28 
OPERATION FORM Ii 


F: LULL -+ HHH 
: LLL -- HHH 
. LLL ~ HHH 
: LLL ~ HHH 
: LLL + HHH 
> LLL - HHH 
: LLL - HHH 
H L 


RF plus WR ptus ALUCIN — XWA 
RF plus DIP plus ALUCIN-- WR 
.| RE plus OIP plus ALUCIN ~ XWR 
.| RF ptus DIP plus ALUCIN -- AF 
RF plus XWA plus ALUCIN ~ WR 


RF plus XWR plus ALUCIN ~— XWR 
XWA plus ALUCIN -- RF 

OIP plus WA plus ALUCIN — XWR 
DIP plus WA plus ALUCIN -- DOP 
DIP plus XWR plus ALUCIN -- WA 
DIP plus XWR plus ALUCIN — XWR 
XWAR plus ALUCIN -» DOP 


Trererrrereer 
rrrrerrrrzrgrer 
ZTreererwrrrrieorere 
ererrrrrerzreredc 
rrrrrrrrrrgre}); 
ZTXTMrrerrrereer 


=z 


NOTE. Whon PC PRIORITY is LOW, WR ~> AOP 


TABLE 29 
OPERATION FORM Ili 


RF: LLL - HHH 
RF: LLL ~- HHH 
RF: LLL ~ HHH 
x x x 


OIP + RF 
AF -- DOP 
RF -- XWR 


DIP -- WR 


DIP - XWR 


Irrrririre:e: 
ZTrrreree 


H 
H 
H 
DIP -, OOP H 


Irreereee 
rFreriree: 
ererrcrerers:r 
Frrrreiergs 


NOTE: When PC PRIORITY is LOW, WA -* AOP 
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5.3.4 Operation — Form1V 


Operation form IV may be utilized to either: 


e arithmetically sum the WR and the ripple carry-in (ALUCIN) with one of two operand sources (RF, 
DIP), arithmetically double-precision shift the result to the right, and transfer the shifted result to the 
WR and XWR; 


e arithmetically sum the WR and the ripple carry-in (ALUCIN) with one of two operand sources (RF, 
DIP), double-precision circulate the result to the left, and transfer the circulated result to the WR and 
XWR; 


e arithmetically subtract one of two operand sources (RF, DIP) and —1 from the WR, arithmetically add 
the ripple carry-in (ALUCIN), double-precision circulate the result to the left, and transfer the 
circulated result to the WR and X\WR;: 


e arithmetically subtract one of two operand sources (RF, DIP) and —1 from the WR, arithmetically add 
the ripple carry-in (ALUCIN), arithmetically double-precision shift the result to the right and transfer 
the shifted result to the \WR and X\WR. 


TABLE 30 
OPERATION FORM IV 


. | (WR minus DIP minus 1 plus ALUCIN, XWR)LCIR - WA. XWR 
. | (WR plus DIP plus ALUCIN, XWA) LCIR - Ve, XWR 
. | (WR menus RF minus 1 pius ALUCIN, XWAR) LCIR -- WAL XWR 


L 

H Ll 
* LLL -- HHH 
F: LLL -- HHH 

x x 

H L 

H Ll 

H L 
: LLL -- HHH 
: LLL ~ HHH 


.| (WR plus RF plus ALUCIN, XWR) LCIR ~ WR, XWR 


. |AWR plus ALALUCIN, XWR) RSA - XWA 


. | (WR minus DIP minus 1 plus ALUCIN, XWR) RSA —-WA, XWR 

. | (WR plus DIP plus ALUCIN, XWR) ASA - WA, XWA 

. | (WA minus RE minus 1 pius ALUCIN, XWR) RSA — WA, XWR 
(WA plus RF plus ALUCIN, XWA) RSA -- WA, XWA 


mrergoregzgmroiririre 
rPreererereer\re 
TrrrTrrr~reere 
2 Re or ee ze 
xrxrrririirTwirTwririiéiie 
CR EEE eee 


NOTE When PC PRIORITY is LOW, WA + AOP 


5.3.5 Operation — Form V TABLE 31 
OPERATION FORM V 


Operation form V may be 
utilized to perform single- lw OPERATION TYPE OP3— OPO for oo| sz si s0| 
Precision shifts on the con- 


tents of the WR, placing the (WR plus ALUCIN) RSA -- WA 


Es H L H 

result in the WR. The WR LLLH H t H 
: , WA plus ALUCIN) RCIR — 

may be logically shifted left Sir plus ALUCINE CIE = WA HLLH H LH 

or right (LSL, RSL), arith- {WA plus ALUCIN) LSA —- WR tL LHL H L H 

metically shifted left or LL HH H L H 
: . (WR plus ALUCIN) LCIR 

right (LSA, RSA), or circu- cab eced a eec a ti HLHH H LH 

lated left or right (LCIR, (WA plus ALUCIN) RSL ~- WR HLLUL H L H 

RCIR). (WA plus ALUCIN) LSL ~ WR HLHL H L H 


As the WR is passed through NOTE: When PC PRIORITY is LOW, WA ~ AOP 
the ALU during form V and 

Vi, the ALUCIN is active 

and should be held at alow 

logic level for true shifts. 
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5.26 Operation — Form VI TABLE 32 
OPERATION FORM VI 


Operation form VI may be 
utilized to perform double- 
Precision shifts on the con- 


tents of WR in conjunction (WR plus ALUCIN, XWR) RSA -- 
with XWR. The WR in con- (IWR, XWR) 
junction with the XWR may (WA plus ALUCIN, XWR) RCIA — 
be: (WR, XWR) 
(WR plus ALUCIN, XWR) LSA — 
@ logically shifted left or (WR, xwA) 
right (LSL, RSL); (WA plus ALUCIN, XWR) LCIR ~ 
© arithmetically shifted (WR, XwR) 
left or right (LSA, (WR plus ALUCIN, XWA) RSL — 
RSA) single- or double- (WR, XWR) 


signed; (WR plus ALUCIN, XWR) LSL ~ 
{WR, XWR) 


® circulated left or right 
(LCIR, RCIR). NOTE. When PC PRIORITY is LOW, WR + DOP 


54 INDEX TO MICROINSTRUCTIONS BY SOURCE OPERANDS 


When the source operand is known, tables 33 through 36 can be used to obtain the form/type and microcode of the 
Possible operations for that source operand. 


TABLE 33 
OP SOURCE OPERANOS 


p op 0P3 ~ OPO 0100 
OPERATION FORM/TYPE OP FIELD D-FIELD 


$2-S0 
SFIELD 


LHL 


OIP + DOP 
DIP + DOP LHL 
olP + AF LLL —-HHH 


DIP- WA XXX 


OIP-WR 
DIP ~ xwR 

*DIP ALU WR ~ DOP 
“DIP ALU WR —-WA 
OIP ALUWR = XWA 
OIP ALU XWR — DOP 
OIPALU XWR + WA 
OIP ALU XWR — XWA 
(OP plus WA plus ALUCIN) LCIA — WA, XWR 
(O1P plus WA plus ALUCIN) RSA — WA, XWA 
DIP plus AF plus ALUCIN -> RF 
OIP plus RF plus ALUCIN -- WR 
DIP plus AF plus ALUCIN -- XWA 
OIP plus WR plus ALUCIN -» DOP 
OIP plus WR plus ALUCIN — XWR 
DIP plus XWA plus ALUCIN —- WR 


OIP plus XWR pius ALUCIN - XWA 


*XWR — AOP, otherwise WA — AOP. PC PRIORITY = HIGH overrides. 


LULL - HHHH 
LLLL ~ HHHH 
LLLL ~~ HHHH 
LULL — HHHH 
LULL - HHHH 
LLLL ~ HHHH 


LLL — HHH 
LLL — HHH 
LLL-~ HHH 
LHL 
LHL 
LHL 
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TABLE 34 
RF SOURCE OPERANDS 


oP ors - oro 0100 $2 0 
OPERATION 
FORM/TYPE OP FIELD D-FIELD S-FIELD 


RF -- DOP LLL + HHH 
RF —- XWAR LLL —- HHH 
RF ALU WR -- RF 7 LLL +» HHH 
RF ALUWR --WR . LLL -» HHH 


RF plus DIP plus ALUCIN -- RF 

FF plus DIP pius ALUCIN -- WR 

RF plus DIP plus ALUCIN + XWR 

(RE ptus WA plus ALUCIN, XWA} LCIA -- WR, XWR 
(AF ptus WA plus ALUCIN, XWR) ASA -WR, XWWAR 
RF plus WR plus ALUCIN -- XWR 

RF plus XWA plus ALUCIN -- WA 

AF plus XWA plus ALUCIN -- XWA 


NOTE: When PC PALORITY is LOW, WA + AOP. 


TABLE 35 
XWR SOURCE OPERANDS 


Pp a6 Th, 
OPERATION QO OP3 -- OPO D100 $2 -- SO 
FORM/TYPE OP FIELD D-FIELD S-FIELO 


XWA ALU DIP -- DOP LULL -- HHHH HHH 
XWR ALU DIP - WR LLLL —- HHHH LHH 
XWR ALU DIP ~ XWR LLLL -- HHHH HHL 


XWA plus ALUCIN -- OOP HHHL LHL 


XWR plus ALUCIN — RF HHHL LLL 
XWR plus DIP plus ALUCIN -» WR HHLL LHL 
XWR plus DIP plus ALUCIN — XWA HHLH LHL 
XWR plus RF plus ALUCIN -- WA HHLL LLL + HHH 


NOTE: When PC PRIORITY Is LOW, WR — AOP. 
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TABLE 36 
WA SOURCE OPERANDS 


OP3 - OPO 


0100 $2 -S0 
OP-FIELD D-FIELD | SFIELO 
HLL 


LULL -- HHHH HH 

LULL - HHHH HH 

LLLL ~ HHHH HH 

LLLL — HHHH LL LLL — HHH 
LH LLL ~ HHH 
HH LHL 
HH LHL 
HL LLL =~ HHH 


OPERATION 


LuL 
LLH 


“WA ALU DIP — DOP 
“WR ALU DIP - WA 

WA ALU DIP -- XWR 
WR ALU RF ~ RAF 
WR ALU RF -- WA 
(WA minus BIP minus 1 plus ALUCIN, XWAR) LCIR —- WR, XWR 
(WR minus DIP minus 1 plus ALUCIN, XWR) RSA - WR, XWR 
MWR minus RE minus 1 plus ALUCIN, XWA) LCIR - WR, XWA 


(WA minus RF minus 1 plus ALUCIN, XWR) ASA --WR, XWR IVn HL LLL ~ HHH 
4 (WR plus ALUCIN) RSA -- WA, XWR 1Ve HL XXX 
(WA plus ALUCIN) RSA ~ WR, XWA Ve HH LHL 
vd HH HLH 


(YR plus ALUCIN) LCIA -- WR 
(WR plus ALUCIN) LCIR +» WA 
GYR plus ALUCIN) LSA -- WAR 
(4R plus ALUCIN) LSL -- WR 
(WA plus ALUCIN) ACIR -- WA 
{4A plus ALUCIN) RCIR + WA 
{WA plus ALUCIN) RSA -- WA 
(#R plus ALUCIN) RSL —WR 
(WA plus ALUCIN, XWA) LCIA -» (WR, XWR) 
(WA plus ALUCIN, XWA) LCIR -+ (WR, XWR) 
(WR plus ALUCIN, XWR) LSA -+ (WR, XWA) 
(WR plus ALUCIN, XWR) LSL -- (WR, XWH) 
WéR plus ALUCIN, XWR) RCIR -- (WA, XWA) 
(WR plus ALUCIN, XWA) ACIA -- (WR, XWA) 
(WA plus ALUCIN, XWR) ASA -- (WA, XWA) 
{WR plus ALUCIN, XWR} ASL -- (WAR, XWA) 
WA plus DIP plus ALUCIN -- DOP 
WR plus DIP plus ALUCIN -- XWA 
(WA plus OIP plus ALUCIN) LCIR —- WR, XWA 
(WR plus DIP plus ALUCIN) RSA -- WR, XWR 
WR plus AF plus ALUCIN - XWA 
(WR plus RF plus ALUCIN) LCIA -° WA, XWR 
{WA plus AF plus ALUCIN) RSA - WR, XWR 


HH HLH 
HH HLH 
HH 
HH 


HL LLL HHH 
HL LLL HHH 


*XWA — AOP, otherwise WA = AOP. PC PRIORITY = HIGH overrides 


6.1 
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INTERFACING 


The input/output (I/O) accommodations of these processor elements have been designed for TTL and/or MOS 
compatibility. Direct interfacing, supportable by the entire families of catatog devices, is shown in Figure 22. Typical 
data/address flow and microcontrol are illustrated for an expanded wordlength system. 


wiCPOCDNTRO; 
vivoer 


wv cecaooetss 
GONt@ ATOR 


vivoer 


i 


UG TAVTTION PEGETE® 


FIGURE 22—- TYPICAL 16-BIT MACHINE 


INPUT CIRCUIT 


The input circuit used on the ‘O400A/‘0401A is basically an RTL configuration which has been modified for 
TTL/MOS compatibility as shown in Figure 23A. An input-clamping diode is incorporated to limit negative excursions 
(ringing) when the ‘0400A/‘0401A is on the receiving end of a transmission line; an input switching threshold of 
nominally +1.5 volts has been specified for improved noise immunity. This threshold is achieved via two 10K ohm 
resistors which function as a voltage divider to increase the one Vge threshold of the I2L input transistor to +1.5 
volts. Since this input circuit is independent of injector current, input threshold compatibility is maintained over the 
entire speed X power performance spectrum. 


The input circuit characteristics for input current versus input voltage are shown in Figure 24. The 10K and 20K ohm 
load lines and threshold knee at +1.5 volts provide a high-impedance characteristic to reduce input loading and 
improve the low-logic level input noise immunity over some standard TTL inputs. Full compatibility is maintained 
with virtually all 5 volt logic families even when the ‘0400A/'0401A is powered down (injector current reduced). 


6.1.1 


6.1.2 
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A. EQUIVALENT OF EACH INPUT 


CLOCK OR PCCIN : A eq. 6K 
ALL OTHERS : Req. * 10K 


8. TYPICAL OF ALL C. EQUIVALENT OF EACH INPUT/OUTPUT 


OUTPUTS 


INPUT/OUTPUT 


FIGURE 23 — SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 


Sourcing Inputs 


The inputs may be sourced directly by most 5 
volt logic families. Five volt functions which 
feature internal pull-up resistors at their out- 
Puts require no external interface compo- 
nents, five volt functions which feature open- 
collector outputs generally require external 
pull-up resistors which may be specified as 
snown in Table 37. 


Terminating Unused Inputs 


Inputs which are selected to be hardwired to a 
logic-level low may be connected directly to 
ground. Inputs which are selected to be 
hardwired to a logic-level high must be tied, 
via a current limiting (pull-up) resistor, to a 
logic-level-high low-impedance voltage source 
such as Vcc. A single transient protecting 
resistor, specified as shown in Table 38, may 
be utilized common to (N) inputs. 


OUTPUT CIRCUIT 


The output circuit selected for the ‘0400A/ 
'0401A is an injected open-collector transistor 


1) INPUT CURRENT 


INPUT CURRENT 


" 
INPUT VOLTAGE 


V,- INPUT VOLTAGE 


FIGURE 24— TYPICAL INPUT CHARACTERISTICS 


shown in Figure 23B. Since this transistor is injected, output sourcing capability is directly related . Lee 
current. In other words, the number of loads which may be sourced by an ‘0400A4/'0401A output is directly reduce 


as injector current is reduced. 


The output circuit characteristic for logic-level low output voltage (VOL) versus logic-level low output sii 
is shown in Figure 25, At rated injector current, the ‘0400A/’0401A output circult offers a low-level output voltag 


typically 65mV. 
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TABLE 37 
SOUACING SB8P0400 INPUTS 


SOUACED BY OPEN-COLLECTOR 
TTL, CMOS 


Vec -33 
Pp .0005 (N) 


Vcc -3.3 


Re 
.00025 (N) 


SOURCED BY MOS, CMOS: Re _ Vee 24 
LOW-THRESHOLD lox —.0005 (NI 


Vec -2.4 


R pees) eae ere 
8 ion —.00025 IN) 


HIGH-THRESHOLD 


NOT RECOMMENDED 


SOURCED BY TTL WITH 5 V ACTIVE PULL-UP DRIVE DIRECTLY 


TABLE 38 
TERMINATING UNUSED INPUTS 


PCCIN INPUT ALL OTHER INPUTS 


Vec -3.3 Vec -3.3 
G vee Sy R ™ —— 
HARDWIRE TO Viy_ 0005 IN) Pp 00025 (N) 


The output circuit characteristics for 1) logic-level high OUTPUT VOLTAGE 


output voltage (VOH) and current (1OH), 2) rise times, i 
2 ees F OUTPUT CURRENT 
and 3) next stage input noise immunity, are a function 
of the Joad circuit being sourced. The load circuit may 200 
be ether: log = 200 mA 
175 
: 2 95% 
A) the direct input, if no source current 1s = Tas 25 e 
required, of a five-volt logic family —E 150 
function, wy ae ie 
9 
<q 125 
or, for greater noise immunity and improved rise times, 3 
> 100 
B) the direct input of a five-volt logic 5 
family function in conjunction with a 5 75 
discrete pull-up resistor, ° 
o 50 
> 


When a discrete pull-up resistor (RL) is utilized, the 
fanout requirements placed on a particular ‘O400A/ 25 
‘0401A output restrict both the maximum and mini- 
mum value of RL. Techniques for calculating RL (may) 
and RL(min) respectively are explained in Figure 26. 
Table 39 provides RU(max) and RU(min) values for 
one, five, nine, or - ee for hones popular oi da tt Rass 
five-volt logic families. 


— 
5 -10 


FIGURE 25— TYPICAL OUTPUT CHARACTERISTICS 


6.2.1 RL(max) Calculation for Output Source Current 


The maximum load register RL(max) value insures: 1) that sufficient current is available to satisfy both the fanout 
and logic-level-high output current requirements, and 2) that the voltage drop across R__ itself is insufficient to reduce 
the logic-level-high output voltage below 2.4 volts. RL (max) can be calculated as shown in Figure 26A. 
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HIGH-LEVEL (OFF-STATE) CIRCUIT CALCULATIONS 


The cliowable voltage drop across the load resistor (Vay) is the 
Gitfeence between the pull-up source and the Voy level re- 
qu-red at the load 


Vat ~ Vsource ~ YOH min 
Tre total current through the load resistor (IRL) ts the sum of 


the load current and the high-level output current (top): 
lay - Load Current (into the load inputs + lon 
where IQH = 375 HA max 
Therefore, calculations for the maximum value of Ay would be: 


Vsource = VOH min 


Rut nohms -—— ——_——————— 
Limos} Amperes af Load Current + .000375 


Vv 


source 


LOAOS 


S3POS00A/SBPOAO1A 1s SN74S00) 


Cu TPUT AL 


‘ou 


LOAD 
CURRENT 
(TOTAL) 


‘on ® 375uA 


yy 7 5{5QuA) © 0.000250A 


Assume: Veource * 5 V and VoHimin) 7 2-4 V 


Vsource — YOH 


R 2 
ul 
man) "liga * 0-000375 


‘ : 5-24 2.6 
Umax) "0.00026 + 0.000375 (0.000626 


A. AL MAXIMUM CALCULATIONS 


Q = 4160 


LOW-LEVEL (ON-STATE} CIRCUIT CALCULATIONS 


The maximum current through the load resistor when the cut- 
Put is on, plus the amount of current from the low-level input 
load, must be limited to the Io, capability of the output. There- 
fore, the equation 1s: 


Limin) * j aay 
Vsource 
SBPO400A/SBPO401A i earaccel 
OUTPUT lac} 2 AL 


lot 


LOAD 
CURRENT 


Ne 
tL = 5(2mA) = 0.018 
Assume: Viource” 5V.VoL” 0.4 V, end Io, capability = 20 mA 


Vsource ~ VOL 
sige a 
Rumin) To copability — Why 


5-.4 Qe 4.6 Q= 4609 


Aiimin)” ".02—0.01 0.01 


B. Ry MINIMUM CALMCLATIONS 


FIGURE 26— OUTPUT LOAD RESISTOR CALCULATIONS 
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TABLE 39 
OUTPUT LOAD RESISTOR VALUES (R,) 


OAIVING DRIVING ORIVING TYPE OF 
1 Load 5 Loads 10 Loads LOGIC 
RLIMIN) RL(MAX) RLIMIN) RLIMAX) RLIMIN) AL(MAX) 


6190 £2 
5909 22 
§777 2 
634182 
6500 2 


$200 st 280 82 43332 54LS/74LS 
4333 2 115022 3250 82 54/74 
4160 22 2300 12 2888 §2 548/748 
S777 2 2312 5200 s2 MOS 
6500 2 2312 6496 92 Cc-MOS 
TYPE OF LOGIC 
S4LS/74LS 
54/74 
$4S/74S 
MOS 
C-MOS 


20 mA 
SINK 
OUTPUTS 


61902 
5909 22 
$7772 
63412 
6500 2 


$2002 
4333 2 
4000 51 
5777 9 
6500 32 


10 mA 
SINK 
OUTPUTS 


Specific dewgns can be tailored for minimum power or maximum performance by making the individual calculations es described in 
Figure 26. 


CONDITIONS: 


Vsource = 5 V 

VOH = 2.4 V (Satisfies most 5 V logic) 

VOL = 0.4 V (Based on max noise margin provided by SBPO0400A/SBP0401A 
1OH = 375 ZA (Maximum leakage of SBPO400A/SBP0401A) 

IOL as specified (20 mA, 10 mA) 


And unit loads of: "Le iH = 
SA4LS/74LS 0.36 mA 10 uA 
54/74 1.6mA 40 pA 
54S/74S 2mA 50 yA 
N-MOS 10 pA 10 nA 
c-MOS 10 pA 10 pA 


6.2.2 RLi(min) Calculation for Output Source Current 


The minimum load resistor RL(min) value insures that the arithmetic sum of the current through R__ itself plus the 
sink currents from the various loads will not exceed the low-level current rating (IOL) of the particular output being 
utdized. RL(min) may be calculated as shown in Figure 26B. 


6.3 BIDIRECTIONAL INPUT/OUTPUT CIRCUIT 


The bidirectional input/output circuit, shown in Figure 23C, is simply a “marriage” of the separate input and outpul 
circuits, with the respective electrical characteristics described above. 


7. POWER SOURCE 


12L is a current-injected logic. When placed across a curve tracer, the processor element will resemble a silicon 
switching diode. Any voltage or current source capable of supplying the desired current at the injector node voltage 
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required will suffice (see Table 40). A dry-cell battery, a 5-volt TTL power supply, a programmable current supply 
(for power-up/power-down operation) — literally whatever power source is convenient can be used for most cases. For 
example, if a 5S volt TTL power supply is to be used, a series dropping resistor would be connected between the 5-volt 
supply and the injector pins of the |2L device, as illustrated in Figure 27, to select the desired operating current. In 
expanded systems using multiple 4 bit slices, an individual dropping resistor is required for each SBPO400A/ 
SBPOAO1A. 


Figures 28 and 29 show the typical injector node voltages which occur across the temperature and injector current 
ranges. Table 40 provides the approximate resistor values for various combinations of supply voltages and operating 


injector currents. 


TABLE 40 
INJECTOR CURRENT LIMITING RESISTOR VALUES 


AMMEL ECEVELA ORY ELA 
very SOC 

"ec 
PRAvPLE FCA vgn SY AND eg Tui 


“aor 


~Monor VALUE ORNS! 


: 2h 4 ous 
oP oF 


FIGURE 27 — INJECTOR CURRENT 
CALCULATIONS 


any 


8 


INJSUCTOM NODE VOLTAGIL 
Vec - INJECTOR NODE VOLTAGE - mv 


Vee 


“4-800 -25 0 35 50 75 100125 : tec - INJECTOR CURRENT - mA 
Ta - FREE-AIN TEMPERATURE °C 


FIGURE 29 — INJECTOR-NODE VOLTAGE 
VS. INJECTOR CURRENT 


FIGURE 28 — INJECTOR-NODE VOLTAGE 
VS. FREE-AIR TEMPERATURE 
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8. ELECTRICAL AND MECHANICAL SPECIFICATIONS 


8.1 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED Icc = 200 mA 


SBP0400AM SBPO400AC 
| min Nom max] MIN Nom max [UNIT 
Supply current, Icc 200 300 200 300 | ma | 
High-level output voltage. VOH 55 ss 
20 


Any AOP, X, Y, ALUCOUT, DOP, 

or XWA MSB/LSB 

XWALFT, XIWRAT, WART, WALFT, 
PCCOUT/BMSB, ENINCBY 2/AMSB 
[ Ro 
[otw Cid 


Low 


OPERATION SELECT (0400A ONLY) 
PCCIN 


DIP - RF.WR, XWR 
OIP THRU ALU 
ALUCIN 


Hold time, th (any snput) Oo" o! 


1 Rising edge of clock pulse 1s reference 


Low-level output current, 1OL 


Width of clock pulse, ty, 


Setup time. isu 
(See Figure 30) 


8.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE, 
UNLESS OTHERWISE NOTED) 


ye 
PARAMETER TEST CONDITIONS* SBPOGOOAM Serosonac UNIT 
MIN TYP? MAX | MIN TyPt MAX 


Vie Low-tevel input voltage 
VIK — Input clamp voltage icc = 200mA, 1p 7-12 mA 


10H High-level output current Ico" 200mA, Vin=2V 
Vite O8V, Vou = 5.5V 


lee # 2 
Vor Low-level output voltage ee ae i nod 
1L 70.8 V, OL = MAX 


TE or conditions shown os MAX, use the appropriate value specified under recommended operating conditions 
Tail woercal values are at hcg + 200 mA, Ta + 25°C. 


TENTATIVE DATA SHEET 
a This document provides tentative information 
46 on a new product. Texas Instruments reserved 
the right to change specifications for this 

Product in any manner without notice. 


83 = SBPO400A AND SBP0401A SWITCHING CHARACTERISTICS (icc = 200 mA, Ta = 25°C) 
SEE FIGURES 30 THROUGH 34 


ranameren | erom [to | _res conpstions Tve_max unit 


ooP VIA A BUS, THRU ALU [155s 


PLA Of PRE DIP 
'PLK OF PHL DIP DOP VIA B BUS, THRU ALU ) 155 ssn | 
tenn or pH PC PRIORITY [70s | 


AQP 
[auuew | auucout Od 
a 


'2LK OF PHL 
[ruworten, [oie ENINCBY2/AMSB [_POSO=%, _POSI=H 
| teuw F PHL oP PecouT/aMsB | Poso-x, Posi-H | 80 ‘| 


POSO, or POSI 


Ld OF PHL 


caer a ia 
PCCOUT/BMSB 


PUK OF PHL PCCIN PCCOUT 
UtPLH OF PHL CLOCK POSO - X, Le 
ET eae WEST [~via aBUSaveassatu | 155 |_| 


Poso= x, Posi=H | 185 = | 
Via BBS THRUALO [28+ | 


[WAR ORB BUS THRUALD | 160 | | 
Pe ee 


LH Of (PHL CLOCK 
i TPL CE IPH 
peel Ae eto d 
Tt OF PHL 


U1Pth OF TPH 


PLO PL 


xWA MUX MSB POSO = H, Posi-H =| 130s | 
XWR MUX LSB POSO = H, POST #L f 130 [ns | 


Eau ee 


8.4 SBP0401A OPERATION SELECT SWITCHING CHARACTERISTICS (icc = 200 mA, Ta = 25 °c) 


SEE FIGURES 31 THROUGH 34 


XWA MUX MSB poso-H, post=H | 175 |_| 


XWA MUX LSB POSO =H, POS1*L 


ALU*O 


Pre a ed 
F.G, o ALUCOUT CT 
a CYTE 
[ase som, posts [aoe 
awe Prosoex,rosiek ed 
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TENTATIVE DATA SHEET 
This document provides tentative information 
On & new product. Texas Instruments reserves 
the right to change specifications for this 
Product In any manner without notice. 
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CLOCK 


l 
OPERATION I | 
SELECT 1 By Or er 1 1.5v oven 
\ 
1 thos ! 
ae Yeup —~ H 1 
l 
POSO, POS}. 1.5 OPER : 1.5v 1.5v OPER I 1.5 
PCCIN, ENINCBY2 Nj Net \ 
I 
| 
DIP 
t 
[PHL OF PL 
eas sc sare “tm es cs Scar oN fs ss es es eee as ese me a a des oe eee eel 
bop 1.5 
SETUP, HOLD, AND PROPAGATION DELAY TIMES FOR TYPICAL SBPO400A STORE OPERATION 
Pp 
CLOCK 1.5v ren 1.5v 15v Oren 1.6 
| r* hota 
~ ‘setup ae \ i 
OPERATION oper ! 1 OPER 
SELECT 1.5v N 1.5v -5v net 1.6v 
| 
; a tos | 
-oe— ‘wup —m |} \ 
POSO, POS1, OPER ] 
PCCIN, ENINCBY2 f 1.6v N } 1.6¥ 1.6 f ctl 1 4 1.6v 
\ 
>| ee 1 
hold 
—tewe —>J | 
ALUCIN 1bv OPER 46s 
m1 ke thot 
. ‘tetup ~ | 
DIP PER 
1.6 9 N 1.5¥ 
= h—'rHt oF trun 
bop 1.6¥ 


SETUP, HOLD, AND PROPAGATION DELAY TIMES FOR TYPICAL SBP0400A ADD AND SHIFT OPERATION 


FIGURE 30 — PROPAGATION DELAY TIMES — SBP0400A SYNCHRONOUS OPERATIONS 
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cLocK 18V seu 


Netw Fe >| setup Ke 
eee 
OPERATION 
eas AF PLUS WA —™ DOP DIP PLUS RF -™ RF 
pds (se | are | 
I lsetup hold - K— ‘hog 
I | — ‘setup — 
| TO hold | | >| thold 
POSO, POS!, 
PCOIN. y | | 1.5V 
EINCBY2 | | 
| 
| I | 
'PLH OF tPHL — | ‘a | aaa be 
Ao? I 
(PC OUTPUT) | 
DiP 
pop 


PCPRIORITY IS HIGH 
FIGURE 31 — PROPAGATION DELAY TIMES — ASYNCHRONOUS OPERATIONS 


{NPUT 


IN-PHASE 
OUTPUT 


OUT-OF-PHASE 
OUTPUT 


FIGURE 32 — PROPAGATION DELAY TIMES — ASYNCHRONOUS OPERATIONS 
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Voc * 5V 


Rua) Fri2y 


FROM ANY 
20mA OUTPUT 


FROM ANY 
10mA OUTPUT 


Teun ke Cui) 


MAXIMUM 
OUTPUTS CURRENT VALUE | C, VALUE 
RATING 
ANY AOB, DOB. P,G, ALUCOUT OR XWR 280 2 
MSB/LSB 


XWRLFT, XWRRT, WART, WALFT, 
PCCOUT/BMSB, ENINCBY2/AMSB 


FIGURE 33 — SWITCHING TIMES LOAD CIRCUITS 


NORMALIZED PROPAGATION DELAY TIME NORMALIZED PROPAGATION DELAY TIME 
“ vs 
FREE-AIR TEMPERATURE INJECTOR CURRENT 
10K 


1K 


100 


10 


%- NORMALIZEO PROPAGATION DELAY TIME 
NORMALIZED PROPAGATION DELAY TIME 


T, - FREE-AIR TEMPERATURE - °C lee - INJECTOR CURRENT - mA 


FIGURE 34 — TYPICAL SWITCHING CHARACTERISTICS 


50 


85 


ec 


HO BLACES 


FIGURE 35 — PLASTIC DUAL-IN-LINE PACKAGE 


NOTES A EACH PIN CENTERLINE 1S LOCATED WITHIN 0010 OF 
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FIGURE 36 — CERAMIC DUAL-IN-LINE PACKAGE 
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INTRODUCTION 
DESCRIPTION 


The SBP 9900 microprocessor is a ruggedized monolithic parallel 16-bit Central Processing Unit (CPU) fabricated with 
Integrated Injection Logic (12L) technology. The SBP 9900 combines the properties of 12L technology with a 16-bit 
word length, an advanced memory to memory architecture, and a2 full minicomputer instruction set to extend the end 
application reach of Texas Instruments 9900 microprocessor family into those applications requiring efficient, stable, 
reliable performance in severe operating environments. {2L technology enables the SBP9900 to operate over a —55 to 
125°C ambient temperature range from a single d-c power source with user selectable speed/power performance. 
Static Logic is used throughout with directly TTL compatible 1/O permitting use with standard logic and memory 
devices and thereby eliminating the need for special clock and interface functions. The SBP 9900 is software 
compatible with other 9900 microprocessor family members and shares a common body of hardware/software with 
Texas Instruments 990 minicomputer family. 


KEY FEATURES 

e Parallel 16-Bit Word Length 

e Full Minicomputer Instruction Set Includes Multiply and Divide 
° Directly Addresses Up to 65,536 Bytes/32,768 Words of Memory 
e Advanced Memory-To-Memory Architecture 


° Multiple 16-Word Register Files (Work Spaces) Reside in Memory 


e Separate 1/O, Memory and Interrupt Bus Structures 
e 16 Prioritized Hardware Interrupts 
° 16 Software Interrupts (XOPS) 


° Programmed and OMA I/O Capability 


e Serial 1/O Via Communications-Register-Unit (CRU) 

e 64-Pin Package 

e Software Compatible with Tl 9900 Microprocessor/990 Minicomputer Family 
> 12L Technology: 


-55°C to 125°C Ambient Temperature Range 
- User Selectable Speed/Power Operation 

= 2.6 MHz Nominal Clock at 500 mW 

- Single d-c Power Supply 

- Fully Static Operation 

- Single Phase Clock 

- Directly TTL Compatible 1/0 (Including Clock) 


| 
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FIGURE 2 -— 9900 CPU FLOW CHART 
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ARCHITECTURE 


The memory word of the 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set of 
the 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and byte 
instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word 
and byte formats are shown in Figure 3. 


MSB LsB 


IGN 
\BIT / 
MEMORY WORD (EVEN ADDRESS} 


MSB LSB MSB LsB 


fo Ts fetsfe]sfo [>] efe frofo [re fos fe fs | 


SIGN SIGN 


VB SS 


EVEN BYTE ODO BYTE 
FIGURE 3 — WORD AND BYTE FORMATS 
REGISTERS AND MEMORY 


The 9900 employs an advanced memory-to-memory architecture. Blocks of memory designated as workspace replace 
internal-hardware registers with program-data registers. The 9900 memory map is shown in Figure 4. The first 32 
words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the extended 
operation (XOP) instruction for trap vectors. The last two memory words, FFFC16 and FFFE 46, are used for the 
trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace registers. 
\F desired, any of the special areas may also be used as general memory. 


Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction 
following the current instruction being executed. This address is referenced by the processor to fetch the next 
instruction fromm memory and is then automatically incremented. The status register (ST) contains the present state of 
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first 
word in the currently active set of workspace registers. 


A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 4). Each 
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or 
index registers. During instruction execution, the processor addresses any register in the workspace by adding the 
register number to the contents of the workspace pointer and initiating a memory request for the word. The 
relationship between the workspace pointer and its corresponding workspace is shown in Figure 5. 


The workspace concept is particularly valuablo during operations that require a context switch which is a change from 
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a 
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and 
teloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register, 
and workspace pointer in the 9900 concept accomplishes a complete context switch withonly three store cycles and 
three fetch cycles. See Figure 5. After the switch the workspace pointer contains the starting address of a new 
16-word workspace in memory for use in the new routine. A corresponding time saving occurs when the original 
context is restored. Instructions in the 9900 that result in a context switch include: 


MEMORY 
AREA OEFINITION AODRESS ig MEMORY CONTENT 


oO 15 
WP LEVEL O INTERRUPT 
PC LEVEL 0 INTERRUPT 
WP LEVEL 1 INTERRUPT 
PC LEVEL 1 INTERRUPT 


003c WP LEVEL 15 INTERRUPT 
O03E PC LEVEL 15 INTERRUPT 
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INTERRUPT VECTORS 


0042 PC xOPO 


XOP SOFTWARE TRAP VECTORS 


ar 
e 


GENERAL MEMORY AREA 


GENERAL MEMORY FOR 
PROGRAM, DATA, AND 
WORKSPACE REGISTERS 


MAY 8E ANY 

COMBINATION OF 

PROGRAM SPACE 

OR WORKSPACE 
e 


e 
FFFC WP LOAD FUNCTION 
FFFE PC LOAD FUNCTION 


LOAD SIGNAL VECTOR 


FIGURE 4 —- MEMORY MAP 
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GENERAL MEMORY 


PROGRAM A 


TMS 9900 


WORKSPACE REGISTER O 


WORKSPACE A 


WORKSPACE REGISTER 15 


WORKSPACE @ 


FIGURE 5 ~ MEMORY-TO-MEMORY WORKSPACE CONCEPT 
1. Branch and Load Workspace Pointer (BLWP) 
2. Return from Subroutine (RTWP) 
3. Extended Operation (XOP). 


Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service 
subroutine. 


INTERRUPTS 


The 9900 employs 16 interrupt levels with the highest priority level 0 and lowest level 15. Level 0 is reserved for the 
RESET function and all other levels may be used for external devices. The external levels may also be shared by 


several device interrupts, depending upon system requirements. 


The 9800 continuously compares the Interrupt code (ICO through IC3) with the interrupt mask contained in 
status-register bits 12 through 15, When the level of the pending interrupt Is less than or equal to the enabling mask 
level (higher or aqual priority interrupt), the processor recognizes the interrupt and initiates a context switch 
following completion of the currently executing instruction. The processor fetches the new context WP and PC from 
the interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, 
and 15, respoctively, of the new workspaco. The 9900 then forces the interrupt mask to a value that is one less than 
the level of the Interrupt belng serviced, except for level-zero interrupt, which loads zero into the mask. This allows 


(Lowest priority) 15 


only interrupts of higher priority to interrupt a service routine. The processor also inhibits interrupts until the fint 
instruction of the service routine has been executed to preserve program linkage should a higher priority interrupt 
occur. All interrupt requests should remaln active until recognized by the processor in the device-service routine. The 
individual service routines must reset the interrupt requests before the routine is complete. 


If @ higher priority interrupt occurs, a second context switch occurs to service the higher priority interrupt. When that 
routine Is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to 
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the retum 
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling-mask 
value, and the interrupt code are shown in Table 1. 


TABLE 1 
INTERRUPT LEVEL DATA 


Vector Location Interrupt Mask Values To Interrupt 
Interrupt Level {Memory Address Device Assignment Enable Respective Interrupts Codes 
In Hex} (ST12 thru ST16) ICO thru 1C3 
(Highest priority) 0 Reser 0 through F* 

1 oO External device 1 through F 0001 i 
2 2 through F 0010 : 
3 3 through F 0011 : 
4 4 through F 0100 
5 5 through F 0101 
6 6 through F 0110 i 
7 7 through F oi : 
8 8 through F 1000 

9 through F 1001 

A through F 1010 

& through F 

C through F 

O through F 

E and F 


External device F only 


“Level Ocen not be disabled 


23 


The @800 interrupt Interface utilizes standard TTL components as shown in Figure 6. Note that for eight or less 
external interrupts a single SN64/74148 is required and for one external Interrupt INTHE is used as the interrupt 
signal with a hard-wired code ICQ through !C3. 


1/0 INTERFACE COMMUNICATIONS-REGISTER-UNIT (CRU) 


The SBP 9900 communications-register-unit (CRU) is a versatile, direct command-driven seria! I/O interface. The CRU 
may directly address, in bit-fields of one to sixteen, up to 4096 peripheral input bits and up to 4096 peripheral output 
bits. The SBP 9000 executes three single-bit and two multiple-bit CRU instructions. The single-bit instructions Include 
TEST BIT (TB), SET BIT TO ONE (SBO), and SET BIT TO ZERO (SBZ); the multiple-bit instructions Include LOAD 
CRU (LOCR) and STORE CRU (STCR). 


The SBP 8800 employs three dedicated I/O signals CRUIN, CRUOUT, CRUCLK, and the least significant twelve bits 
of the address bus to support the CAU interface. CRU interface timing is shown in Section 2.9. 
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INTERRUPT SIGNAL 1 
{highest priority) 


SN54/7408 
SN64/7408 
| ral & 
| snearraiag 4? 
a0 Pp 


INTERRUPT SIGNAL 15 
{lowest priority) 


FIGURE 6 — 9800 INTERRUPT INTERFACE 
SINGLE-BIT CRU OPERATIONS 


The 8800 performs three single-bit CAU functions: test bit (TB), set bit to one (SBO), and set bit to zero (SBZ), To 
identify the bit to be operated upon, the 9900 develops a CRU-bit address and places it on the address bus, A3 to 
Al4. 


For the two output operations (SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an output 
operation to the CRU device, and places bit 7 of the instruction word on the CRUOQUT line to accomplish the 
Specified operation (bit 7 is a one for SBO and a zero for $BZ). A test-bit instruction transfers the addressad CRU bit 
from the CRUIN Input tine to bit 2 of the status register (EQUAL). 


The 9800 develops a CRU-bit address for the single-bit operations from the CRU-base address contained in workspace 
register 12 and the signed displacement count contained in bits 8 through 16 of the instruction. The displacament 
allows two’s complement addressing from base minus 128 bits through base plus 127 bits, The base address from W12 
is added to the signed displacement specified in the Instruction and the result is loaded onto the address bus. Figure 7 
illustrates the development of a single-bit CRU address. 


MULTIPLE-BIT CRU OPERATIONS 


The 9800 performs two multiple-bit CRU operations: store communications register (STCR) and load communica- 
tions register (LOCA). Both operations perform a data transfer from the CRU-to-memory or from memory-to-CRU as 
illustrated in Figure 8. Although the figure Illustrates a full 16-bit transfer operation, any number of bits from 1 
through 16 may be Involved, The LOCR Instruction fetches a word from memory and right-shifts it to serially transfer 
it to CRU output bits. If the LDCR Involves elght or fewer bits, those bits come from the right-justified field within 
the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the 
right-Justifiod field within the whole memory word. When transferred to the CRU interface, each successive bit 
recelvos an address that Is sequentially greater than the address for the previous bit. This addressing mechanism results 


11 12 130~«214 15 


0 1 z 3 4 $ 6 7 8 9 10 
pede foe TST TS TPT Te fs Tae 


DON'T CARE 
SIGNED 
DISPLACEMENT 
BIT 8 SIGN 
EXTENDED | 
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efoto} | TT TT TT TT Tf] Mconessous 


SET TO ZERO EFFECTIVE CRU BIT ADDRESS 
FOR ALL CAU 
OPERATIONS 


FIGURE 7 - 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT 


cau cAU 
INPUT OouTPUT 
BITS BITS 


fo |. | EFFECTIVE MEMOAY ADDRESS fre | 15 | 


OUTPUT (LDCR) 


N « BIT SPECIFIED BY CAU BASE REGISTER 


FIGURE 8 — 8900 LOCR/STCR OATA TRANSFERS 


in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit In the 
CRU and bit 0 becomes the highest addressed bit in the CRU field. 


An STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the 


transferred data will be stored right-justified in the memory byte with leading bits set to zero. If the operation 
involves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to 
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zero. When the input from the CRU device is complete, the first bit from the CRU is the leastsignificant-bit position 
in the memory word or byte. 


Figure 9 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU Interface. CRU addresses 
are decoded as needed to implement up to 256 such 16-bit interface registers. In system application, however, only 
the exact number of interface bits needed to interface specific peripheral devices are implemented. It is not necessary 
to have a 16-bit interface register to interface an 8-bit device. 


4 15 


A12-Al4 MEMORY 


AODRESS 


INO 


IN7 


IN@ 


CAUCLK 


1NY 


CRUOUT 


SYSTEM 
DATA 
BUS 


FIGURE ® — 9900 16-BIT INPUT/OUTPUT INTERFACE 


EXTERNAL INSTRUCTIONS 


The 9900 has five external instructions that allow user-defined external functions to be initiated under program 
contro!. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except for IDLE, relate to 
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various 
user-defined functions. IDLE also causes the 9900 to enter the idle state and remain until an interrupt, RESET, or 
TOAD occurs. When any of these five instructions are executed by the 9900, a unique 3-bit code appears on the 
most-significant 3 bits of the address bus (AO through A2) along with a CRUCLK pulse. When the 9900 is in an idle 
state, the 3-bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are shown in 
Table 2. 


Figure 10 illustrates typical external decode logic to Implement these instructions. Note that a signal is generated to 
inhibit CRU decodes during external instructions. 


TABLE 2 
EXTEANAL INSTRUCTIONS 


EXTERNAL INSTRUCTION 


TO MEMORY ANDO CRU 


CAU CLOCK SIGNAL 


TO USER DEFINEO 
EXTERNAL INSTRUCTION 
LOGIC 


9900 


CAUCLK 


FIGURE 10 — EXTERNAL INSTRUCTION DECODE LOGIC 


2.7 LOAD FUNCTION 


The LOAD signal allows cold-start ROM loaders and front panels to be implemented for the 9900. When active, 
TOAD causes the 9900 to initiate an interrupt sequence immediately following the instruction being executed. 
Memory focation FFC is used to obtain the vector (WP and PC). The old PC, WP and ST are loaded into the new 
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP. 
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28 SBP 9900 PIN DESCRIPTION 
Table 3 describes the function of each SBP 9900 pin, and Figure 11 illustrates their assigned locations. 


TABLE 3 
9900 PIN ASSIGNMENTS AND FUNCTIONS 


DESCRIPTION FIGURE 11 — SBP 9900 PIN ASSIGNMENTS. 


ADDAESS BUS HOLE 


AO (MSB) 24 | OUT AO (MSB) through A14 (LSB) comprise the GND 1 
address bus. This open-collector bus pro- GNo 2 MEMEN 
vides the memory-address vector to the WAIT 3 READY 
external-memory system when MEMEN is TOAD 4 We 
active, and 1/O-bit addresses to the I/O HOLDA § CRUCLK 
baer MEMEN is inactive. When RESET 6 CYCEND 
is active, the address bus is pulled 
to the logic level HIGH state by the individ- aq 7 Nc 
ual pull-up resistors tied to each respective CLOCK 8 (NJ 
A14 (LSB) 10 OUT opencollector output. INJ 9 O15 
Al4 10 o4 
DATA BUS aia p13 
Co (Ms@) 4i 1/0 00 (MSB) through 015 (LSB) comprise the Al2 12 biz 
bidirectional open-collector data bus. Thit 
bus transfers memory data to (when writ- Alt 13 pil 
ing) and from (when reading) the external- Alo 14 010 
memory system when MEMEN is active. Ag 15 o9 
When HOLDA is active, the data bus is AB 16 os 
pulled to the logic level HIGH state by the a? 17 D7 
individual pull-up resistors tied to each 
015 (LSB) $6 VO respective open-collector output. AG 18 06 
AS 19 te) 
POWER SUPPLY Aa 20 Da 
INJ 9 tnjector-Supply-Current A3 23 D3 
ta Fs Injector-Supply-Current ag D2 
Injector-Supply-Current 
IN 57 Injector-Supply-Current ala o1 
AO 24 00 
GNO 1 Ground Reference nc & INS 
GND 2 Ground Reference Ing 26 NC 
GND 27 Ground Reference GND 27 nc 
GND 28 Ground Reference 
GND @ NC 
CLOCK DOBIN 29 Ico 
CLOCK 8 IN CLOCK CAUYOUT 30 Ic1 
CAUIN 31 ic2 
BUS CONTROL INTREG 22 1c3 
OBIN 29 OUT DATA BUS IN. When active (pulled to logic 


level HIGH), OBIN Indicates that the SBP 
9900 has disabled Its output buffers to 
allow the memory to place memory-read 
data on the date bus during MEMEN. OBIN 
remains at logic level LOW In sil other cases 
except when HOLOA ie active (pulled to 
logle level HIGH). 


NC—No Internat connection 


MEMEN 63 OUT MEMORY ENABLE. When active (logic fevel LOW), MEMEN indicates that the eddress bus contains a memory 
address. 
WE 61 | OUT WRITE ENABLE. When active (logic fevel LOW), WE indicates that the S@P 9900 dats bus is outputting data to 


be written Into memory. 
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CAUCLK 


CRUIN 


CRUOUT 


INTREQ 


1CO0 (MSB) 


ICO (LSB) 


Li (0) 8) 


HOLDA 


READY 


WAIT 


1Aa 
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TABLE 3 (CONTINUED) 
DESCRIPTION 


COMMUNICATIONS-REGISTER-UNIT iCRU) CLOCK. When active (pulled to logic level HIGH), 
CRUCLK inacates to the external interface logic the presence of output data on CRUOUT, or the 
presence of an encoded external instruction on AQ through A2. 


CAU DATA IN. CAUIN, normally driven by 3-s1ate or open-collector devices, receives input data trom 
the external interface logic. When the SBP 9900 executes a STCR or TB instruction, it samples CAUIN 
for the level of the CRU input bit specified by the address bus (A3 through A174), 


CRU DATA OUT. CRUOUT outpuls serial data when the SBP 9900 executes a LDCR, SBZ, $80 
instruction, The data on CRUOUT should be sampled by the external interface fogic when CRUCLK goes 
active (pulled to logic level HIGH). 


INTERRUPT CONTROL 

INTERRUPT REQUEST When actne {logic level LOW), INTRED indicates that an external interrupt is 
requesting service. tf INTRES is active, the SBP 9900 loads the data on the interrupt-code inputdines ICO 
through (C3 into the interna! interrupt-code storage register. The code is then compared to the interrupt 
mask bits of the status register. Wf equal or higher priority than the enabled interrupt level (interrupt code 
equal or less than status register bits 12 through 15), the SBP 9900 initiates the interrupt sequence. If the 
comparison fais, the SBP 9900 ignores the interrupt request. In that case. INTAEG should be held actua 
The SBP 9900 will continue to sample ICO through 1C3 until the program enables a sufficiently low 
interrupt-level to accept the requesting interrupt 


INTERRUPT CODES. ICO (MSB) through 1C3 (LSB), receiving an interrupt identily code, are sampled by 
the SBP 9900 when INTAES is active (logic level LOW). When ICO through 1C3 ore LLLH, the hignett 
priority exrernal interrupt is requesting service: when HHHH, the lowest priority external interrupt it 
fequetling service. 


MEMORY CONTROL 
When active (logic level LOW), HOLD indicates to the SBP 9900 that an external controller (e.g., DMA 
device) desires to ute both the address bus and data bus to transfer data to or from memory. In response, 
the SBP 9900 enters the hold state alter completion of its present memory cycle The SBP 9900 then 
allows its address bus, dala bus, WE, MEMEN, DBIN, and HOLDA facilities to be pulled to the logic level 
HIGH state. When ROCD 11 deactivated, the SBP 9900 returns to normal operation from the point a1 
which it was stopped 


HOLD ACKNOWLEDGE. When active (pulled to logic level HIGH), HOLDA dicates that the SBP 9900 
is in the hold state ond that its address bus, data bus, WE, MEMEN, ond DBIN facilities are pulled to the 
logic level HIGH state 


When active (logic level HIGH), READY indicates that the memory will be ready to read or write during 
the next clock cycle. VWéhen not-ready is indicated during a memory operation, the SBP 9900 enters a nat 
state and suspends internal operation until the memory systems activate READY. 


When active (pulled to logic level HIGH}, WAIT indicates that the SBP 9900 has entered o wait state in 
tetponte to a not-ready condition from memory. 


TIMING AND CONTROL 
INSTRUCTION ACQUISITION, IAQ it active (pulled to logic level HIGH) during any SBP 9900 initated 
instruction acquisition memory cycle. Consequently, {AQ may be used to facilitate detection of illegs! op 
codes. 


CYCLE END. When active (logic level LOW}, CYCEND indicates that the SBP 9900 will initiate a new 
microinstruction cycle on the low-to-high transition of the next CLOCK. 


When active (logic level LOW), COAD causes the SAP 9900 to execute o nonmaskable interrupt with 
memory addretses FFFC}¢ and FFFE4g containing the associated trap vectors (WP ond PC). The load 
sequence is initiated alter the instruction being executed is completed. LOAD will also terminate an idle 
state. If COAD is active during the time FlESET is active, the LOAD trap will occur after the RESET 
function it completed. LOAD should remain active for one instruction execution period (IAQ may be 
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TABLE 3 (CONCLUDED) 


DESCRIPTION 


SIGNATURE 


LOA (Cont.) used to monitor instruction boundaries}. [OAD may be used to implement cold-start ROM loaders. 
Additionally, front-panal routines may be implemented using CAU bits as front-panel-interface signals, 
and software-control routines to direct the panel operations. 

AESET When active (logic tevel LOW), RESET causes the SBP 9900 to reset itself and inhibit WE end CAUCLK, 


When RESET is released, the SBP 9900 initiates 3 level-rero interrupt sequence acquiring the WP and PC 
trap vectors from memary locations 00001g end 000216. sets all status register bits 10 logic level LOW, 
and then fetches the first instruction of the reset program environment. RESET must be held active for a 
minimum of three CLOCK cycles. 


2.9 SBP 9900 TIMING 


2.9.1 SBP 9900 MEMORY 


The SBP 9900 basic memory timing for a memory-read cycle with no wait states, and a memory-write cycle with one 
wait state, is as shown in Figure 12, During each memory-read or memory-write cycle, MEMEN becomes active (logic 
tevel LOW) along with valid memory-address data appearing on the address bus (AO through A14), 


| | 
i} 
WAIT 
| : : 
bo-p1s crupniven Xineurmove Kao XwruyeruoniveyX cruwmireoata Xceuoniven 
| ; 1 I 
aa \/snown Amuming\| ! { 


this cycle ison in- 5 1 | 
| struction acquisition 


cycle 


ee 


MEMORY REAO CYCLE WITH MEMORY WRITE CYCLE WITH ONE WRITE 


NO WAITS 


AD - READ DATA 


FIGURE 12 — SBP 8900 MEMORY BUS TIMING 
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29.2 


2.9.3 


14 


In the case of a memory-read cycle, OBIN becomes active (pulled to fogic level HIGH) at the same time 
memory-address data becomes valid; the memory write strobe WE remains inactive (pulled to logic level HIGH). If the 
memory-read cycle is initiated for acquisition of an instruction, [AQ becomes active (pulled to logic level HIGH) at 
the same time MEMEN becomes active. At the end of a memory-read cycle, MEMEN and DBIN together become 
inactive. At that time, though the address may change, the data bus remains in the input mode until terminated by the 
next high-to-low transition of the clock. 


In the case of a memory-write cycle, WE becomes active (logic level LOW) with the first high-to-low transition of the 
clock after MEMEN becomes active: OBIN remains inactive. At the end of a memory-write cycle, WE and MEMEN 
together become inactive. 


During either a memory-read or a memory-write operation, READY may be used to extend the duration of the 
associated memory cycle such that the speed of the memory system may be coordinated with the speed of the SBP 
9900. If READY is inactive (logic level LOW) during the first low-to-high transition of the clock after MEMEN 
becomes active, the SBP 9900 will enter a wait state suspending further progress of the memory cycle. The fint 
lowto-high transition of the clock after READY becomes active terminates the wait state and allows normal 
completion of the memory cycle. 


SBP 9900 HOLD 


The SBP 9900 hold facilities atlow both the ‘9900 and external devices to share a common memory. To gain 
memory-bus control, an external device requiring direct memory access (DMA) sends a hold request (HOLD) to the 
SBP 9900. When the next available non-memory cycle occurs, the SBP 9900 enters a hold state and signals it 
surrender of the memory-bus to the external device via a hold acknowledge (HOLDA). Receiving the hold 
acknowledgement, the external device proceeds to utilize the common memory. After its memory requirements have 
been satisfied, the external device returns memory-bus control to the SBP 9900 by releasing HOLD. 


When HOLD becomes active (logic level LOW), the SBP 9900 enters a hold state at the beginning of the next available 
non-memory cycle as shown below. Upon entering a hold state, HOLDA becomes active (pulled to logic level HIGH} 
with the following signals pulled to a HIGH logic level by the individual pull-up resistors tied to each respective 
open-collector output: DBIN, MEMEN, WE, AO through A14, and DO through D15. When HOLD becomes inactive, 
the SBP 9900 exits the hold state and regains memory-bus control. If HOLD becomes active during a CRU operation, 
the SBP 9900 uses an extra clock cycle after the deactivation of HOLD to reassert the CRU address thereby providing 
the normal setup time for the CRU-bit transfer. 


SBP 9800 CRU 


The transfer of two data-bits from memory to a peripheral CRU device, and the transfer of one data-bit from a 
peripheral CRU device to memory, is shown in Figure 14. To transfer a data-bit to a peripheral CRU device, the SBP 
9900 outputs the corresponding CRU-bit-address on address bus bits A3 through A14 and the respective data-bit on 
CRUOUT. During the second clock cycle of the operation, the SBP 9900 outputs a pulse, on CRUCLK, indicating to 
the peripheral CRU device the presence of a data-bit. This process is repeated until transfer of the entire field of 
data-bits specified by the CRU instruction has been accomplished. To transfer a data-bit from a peripheral CRU 
device, the SBP 9900 outputs the corresponding CRU-bit-Address on address bus bits A3 through A14 and receives 
the respective data-bit on CRUIN. No CRUCLK pulses occur during a CRU input operation. 
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FIGURE 13 ~ SBP 9900 HOLD TIMING 
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FIGURE 14 — SBP 9900 CRU INTERFACE TIMING 
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3. 9900 INSTRUCTION SET 
3.1 DEFINITION 


Each 9900 instruction performs one of the following operations: 


e Arithmetic, logical, comparison, or manipulation operations on data 

° Loading or storage of internal registers (program counter, workspace pointer, or status) 
e Data transfer between memory and external devices via the CRU 

e Control functions. 


3.2. ADDRESSING MODES 


The 9900 instructions contain a variety of available modes for addressing random-memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically 
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to 
particular instructions is described in Section 3.5 along with the description of the operations performed by the 
instruction. The symbols following the names of the addressing modes [R, °R, "R+, @ LABEL, or @ TABLE (A)] are 
the general forms used by 9900 assemblers to select the addressing mode for register R. 


3.2.1 WORKSPACE REGISTER ADDRESSING R 


Workspace Register R contains the operand. 


Register R 


wer-e{ teraction fewor2n—m Operand 


3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING °R 


Workspace Register R contains the address of the operand. 


Register R 


3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING ‘*R+ 


Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace 
register R are incremented. 


Register R 
wrei-e{ —tnnuction -oawerean—e{ addres {L_ open 
+ 


1 (byte) 
or 2 (word) 
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32.4 SYMBOLIC (DIRECT) ADDRESSING @LABEL 
The word following the instruction contains the address of the operand. 
(PC) Instruction 
32.5 INDEXED ADDRESSING @ TABLE (R) 


The word following the instruction contains the base address. Workspace register R contains the index value. The 
sum of the base address and the index value results in the effective address of the operand. 


Register R 


(Pc)—m{_ instruction _|-—1we)+2R 


(Pc)+2-m{ Table = 


3.2.6 IMMEDIATE ADDRESSING 
The word following the instruction contains the operand. 


(PC) Instruction 


(PC)+2 Operand 


3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING 


The B-bit signed displacement in the right byte {bits 8 through 15) of the instruction is multiplied by 2 and added to the 
updated contents of the program counter. The result is placed in the PC. 


Jump Iastruction 


* Dl 
Program Counter 1sP 


3.2.8 CRU RELATIVE ADDRESSING 


The 8-bit signed displacement in the right byte of the instruction Is added to the CRU base address (bits 3 through 14 
of the workspace register 12), The result is the CRU address of the selected CRU bit. 


Instruction 


wc} orcone | cise _| 
CRU Bit 
|_-$_——_____ 
Address 


Register 12 


[env aee_T] 


0 23 1416 


(We}+2-12 
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3.3. TERMS AND DEFINITIONS 
The terms used in describing the instructions of the 9900 are defined in Table 4. 


TABLE 4 
TERM DEFINITIONS 


Byte Indicator (1=byte, 0 = word) 
Bit count 
Destination address register 
Destination address 
Immediate operand 
LSBin) Least significant (right most) bit of (n) 
MSBin)} Most significant (left most) bit of (n) 
Don't care 
Program counter 
Result of operation performed by instruction 
Source address register 


Source address 
Status regi 


Bit n of status register 
Oestination address modifier 
Source address modifier 
Workspace register 
Workspace register n 
Contents of n 

ais transferred to b 
Absolute value of n 
Arithmetic addition 
Arithmatic subtraction 
Logical AND 

Logical OR 

Logical exclusive OR 
Logical complement of n 


34 STATUS REGISTER 


The status register contains the interrupt mask level and information pertaining to the instruction operation. Table 5 
explains the bit indications. 


0 1 2 3 4 
STO} ST1 ST3 | ST 
L A> c sj 


12 13 14 16 


5 6 7 8 3 10 1 
STS | ST6 $T12 ST13 ST14 ST15 
P x Interrupt Mask 


TABLE 6 
STATUS REGISTER BIT DEFINITIONS 


~eeee CONDITION TO SET BIT TO1 


If MSBISA} = 1 and MSB(DA) « 0, or if MSBISA) = MSB(DA) 
and MSB of [{OA)-ISA}] = 1 

If MSBIW) = 1 and MSB of IOP «= 0, o if MSB(W) « MSE of 
lOP and MSB of [IOP-(W)] +1 

If iSAl +0 

If result 4 0 

If MSBISA) - 0 and MSB(DA) « 1, or if MSB(SA) = MSB{DA) 
and MSB of {(DA)-(SA)) = 1 

If MSB(W) = 0 and MSB of IOP = 1, or if MSB(W) = MSB of 
1OP and MSB of JJOP-(Wil = 1 

If MSBISA) = 0 and (SA) # 0 

1€ MSB of result = O and rewlt 4 0 

If (SA) = (DA) 

16 1W) = top 

tf (SA) and (DA) ~0 

tf (SA) and (0A) = 0 


LOGICAL 
GREATER 
THAN 


cl 


ABS 
All Others 


ARITHMETIC 
GREATER 
THAN 


cl 


ABs 
All Others 
c, cB 
C1 
coc 


| ceze 
18 IF CRUIN +1 
aes ISA) = 0 


Alt Others If result? 0 
A, AB, ABS, Al, DEC, 
OECT, INC, INCT, 
NEG, S, SB 

SLA, SRA, SAC, SAL 
A, AB 
Al 
$s, SB 
DEC, DECT 
INC, INCT 
SLA 
olv 


K—- —~ 
ST3 CARAY 


It CARRY OUT = 1 


If fast bit shifted out = 1 

If MSB(SA} = MSBIDA) and MSB of result ¢ MSB(DA} 

\f MSB(W) » MSB of IOP and MSB of result # MSB(W) 

If MSBI{SA) ¢ MSBIDA) and MSB of result # MSB(OA) 

It MSBISA} + 1 and MSG of result = 0 

tf MSB(SA) = 0 and MSB of result = 1 

If MSB changes during shift 

If MSB(SA) = and MSB(DA) = 1, or if MSB{SA) = MSB(DA) 
and MSB of [(DA}-(SA)} * 0 

If (SA) = 80004¢ 

if (SA) has odd number of 1's 

LOCR, STCR it 1 << Band (SA) hes odd number of 1's 

AB, $8, SOCB, SZCB (f result has odd number of 1's 


[ste xor [xo 1X0 instruction it exeeved 


ST12-ST15 INTERAUPT LiMI It corresponding bit of IOP is 1 
MASK ATWwPe If corresponding bit of WR16 is 1 


3.5 INSTRUCTIONS 


OVERFLOW | 


ABS, NEG 
CB, MOVB 


PARITY 


3.5.1 Dual Operand Instructions with Multiple Addressing Modes for Source and Destination Operand 


it) 1 2 3 4 5 6 7 6 9 10 ab} 12 13 14 16 
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If B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words and the 
operand addresses are word addresses. 


The addressing mode for each operand is determined by the T field of that operand. 


ADDRESSING MODE 
Workspace register 7 


Workspace register indirect 
Symbolic 4 
Indexed 24 


Workspace register indisect auto4ncrement 3 


NOTES. 1. When o workspace register it the operand of 9 byte instruction {bit 3 - 1), the felt byte (bots O through 7) «s the operand and the 
right byte (bits B through 15) is unchanged. 
2 Workspace register O may not be used for indexing. 
3. The workspace re 


mmcremented by 1 for byte imstructions (bt 3 1) and is incromented by 2 for wora instructions (bit 2 + 
4.When Ts = Tp = 10, Iwo words are required in addition to the insieuction word The first word 1s Ihe source operand baw 
address and the second word is the destination operand base address. 


RESULT STATUS 
COMPARED BITS NESCRIPTION 
Too AFFECTED 
(SA)+(IDA) -* (DA) ‘ 
Add bytes (SA}4(OA) > (DA) 
Compare 0-2 Compare (SA) to (DA) and set 
appropriate status bits 
Compare bytes 0-2.5 Compare (SA) 10 (DA) and set 
appropriate status bits 
0 1) 0 Subtract 04 (OA) - (SA) > (DA) 
is) 1 1 Subtract bytes 05 (DA) — (SA) > (DA) | 
1 1 {+} Set ones corresponding 0-2 {DA) OR (SA) — (DA) 
1 1 1 Set ones corresponding bytes 0-2.5 {DA} OR (SA) -> (DA) 
0 ol]o Set zeroes corresponding 0.2 (DA) AND (SA) {DA} 
te) ol 1 Set zeroes corresponding bytes (0A) ANO (5A) + (DA) 
1 Q 0 Move (SA) -* (DA) 
1 0 1 Move bytes 


{SA) -» (DA) 


3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and 
Workspace Register Addressing for the Destination 


i‘) 1 2 3 4 5 6 7 t) 8 10 11 12 13 14 15 


The addressing mode for the source operand is determined by the Ts field. 


ADDRESSING MODE 
0,1,...15 Workspace register 


0,1,.,.15 Workspace register indirect 


Symbolic 
Indexed 


Workspace register indirect auto increment 


NOTES. 1. Workspace register O may not be used for indexing. 
2. The workspace register is incremented by 2. 


20 1276 


RESULT 
COMPARED 
Ta0 


STATUS 
BITS 
AFFECTED 


OP CODE 


001000 


DESCRIPTION 


Compare ones Test {0} to determine if 1's are in each bit 
position where 1’s are in (SA). If so, sat ST2. 
Test (O} to determine if 0's are in each bit 
position where 1's are in (SA). If to, set ST2. 
(0) @ tsa) + to} 

Multiply unsigned (0) by unsigned (SA) and 
Place unsigned 32-bit product in D (most 
significant) and D+ (least significant). if WR15 


corresponding 


c2c ,001001 Compare zeros 
corresponding 
Exctusive OR 


Multiply 


XOR 001010 
001110 


is D, the next word in memory alter WR15 will 
be used for the least significant half of the 
Product. 


If unsigned (SA} 1s less than or equal to unsigned 
(D), perform no operation and set ST4, Otherwise, 
divide unsigned (D) and (D+1) by unsigned 
(SA). Quotient ~ (D), remainder — (0+1) If 
D = 15, the next word in memory after WA 15 
will be used for the remainder. 


i 
' 
DIV oo1111 
| 


3.5.3 Extended Operation (XOP) Instruction 


t) 1 2 3 4 5 6 7 8 9 10 t1 12 #13 = 14 ~~ ~15 


Gecittertints, | [fa 0), Vet Uh ft 


The Tg and S fields provide multiple mode addressing capability for the source operand. When the XOP is executed, 
ST6 is set and the following transfers occur: (4016 + 4D) > (WP) 

{4216 + 4D) — (PC) 

SA - (new WR11) 

(old WP) > (new WR 13) 

(old PC) > (new WR14) 

{old ST) ~ (mew WR15) 


The 9900 does not test interrupt requests (INTREQ) upon completion of the XOP instruction. 


3.5.4 Single Operand Instructions 


0 1 2 3 4 6 6 7 6 g 10 1 12 13 14 16 
General format: OP CODE s 


The Tg and S fields provide multiple mode addressing capability for the source operand. 
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AESULT STATUS 
OP CODE 
BITS 


COMPARED 
Too AFFECTED 
Branch SA — (PC) 
Branch and link (PC) > (WR11); SA ~ (PC) 
Branch and load (SA) — (WP); {SA42) > (PC); 
workspace pointer fold WP) — (new WR 13); 
{oid PC) — (new WA14); 
{old ST) — {new WR15); 
the interrupt input (INTREG) is not 


MNEMONIC DESCRIPTION 


tested upon completion of the 
BLWP instruction. 

Clear operand O-*(SA) 

Set to ones FFFFig 7 (SA) 

Invert . (SAl > (SA) 

Negate z -(SA) 7 (SA) 

Absolute value” HSA); > (SA) 

Swap byres (SA), bits O thru 7 — (SA), bits 
8 thru 15: (SA), bits 8 thru 15 — 
(SA}, bits O thru 7. 

Increment c (SA) + 17 (SA 

increment by two (SA) + 2-* (SA) 

Decrement (SA) — 1 (SA) 

Decrement by two (SA) - 2-> (SA) 

Execute Execute the instruction at SA. 


* Operang is compared to zero for status bit 

"It aaaitionsl memory words for the execute instruction are required to define the operands of the instruction located at SA, tnete words 
will be accessed tram PC and the PC will be Updated accordingly. The instruction acquisition signal (IAQ) will not bo true whon the 9900 
eccasses the instruction at SA. Status bits are effected in the normal manner for the instruction executed 


3.5.5 CRU Multiple-Bit Instructions 


Q 1 2 3 4 6 6 7 8 8 10 abl 12 13 14 15 


The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base register 
(WR12, bits 3 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is 
incremented with each bit transfer, although the contents of WA12 is not affected. Tg and S$ provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 8), the source address isa 
byte address. If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. If the source 
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by ! if 
C = 1 through 8, and is incremented by 2 otherwise. 
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oP CObE RESULT STATUS 
COMPARED BITS DESCRIPTION 
pele roo | arrecreo 


001 1 00 | Load communestion Beginning with LSB of (SA), transfer the 


register specified number of bits trom (SA) to 

the CAU. 
Store communcation Beginning with LSB of (SA), transfer the 
specified number of bits from the CRU to 
(SA). Load unfilled bit positions with 0. 


register 


“STS wattectes only f 1 CCK 8, 


3.5.6 CRU Single-Bit Instructions 


0 1 2 3 4 6 6 7 8 9 10 11 12°13 «#14 ~= «#15 


General format: OP CODE SIGNEO DISPLACEMENT 


CRU relative addressing is used to address the selected CRU bit. 


STATUS 


op 
MNEMONIC CODE BITS DESCRIPTION 
| 01234567 AFFECTED 
1: [e) 00011101 Set bit to one Set the selected CRU output bit to 1. 
saz 000111190 Set bit to zero Sat the selected CRU output bit to 0. 


8 if the selected CAU input bit = 1, set ST2. 


00011111 Tast bit 


3.5.7 Jump Instructions 


o 1 #2 3 4 6 6 7 8 9 0 WW 12 13 «14 18 
General format: OP CODE DISPLACEMENT 


Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at 
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next 
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of —128 
to 127 words from memory-word address following the jump instruction. No ST bits are affected by jump instruction. 


Jump equal ST2°1 


~a-- 0 00900-0+-00/a 


Jump greeter then STte1 

Jump high STO = 1 end ST2 <0 
Jump high or equal STO=1orST2=1 
Jump low STO = Osnd ST2=0 


STO =OorST2=1 
ST1=QandST2*0 
unconditionat 
ST3=0 
ST2*0 
ST4=0 
sT3e1 
ST5e1 


Jump low or equal 
Jump less than 
Jump unconditional 
Jump no carry 
Jump not equal 
Jump no overflow 
Jump on carry 
Jump odd parity 


ooocoao GQeaacocoa:nd 

eoooogo 9go0 0 CGCooo co aol= 
9c cocoa a aceacoao ao alt 
ne 9 
~oO0---0 9000 =-0- 0l/m 
90-00-00 0 = = =ly 
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3.5.8 Shift Instructions 


Q 1 2 3 4 s 6 7 


Wf C = 0, bits 12 through 15 of WRO contain the shift count. If C = 0 and bits 12 through 15 of WAO = 0, the shift 
count is 16. 


RESULT STATUS 
MEANING COMPARED BITS DESCRIPTION 
Too AFFECTED 
Shift lett arithmetic Shift (W) left. Fill vacated bit 
Positions wath 0. 
i Shift right arithmetic . Shift (W) right. Fill vacated bit 


OP CODE 


Positions with original MSB of (VV), 
Shift righ: circular . Shift (W) right. Shift previous LSB 
mito MSB. 
Shift right logical Shift (W) right. Fill vacated brt 


Positions with O's. 


3.5.9 Immediate Register Instructions 


0 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 


General format: OP CODE ia ier ee 


RESULT STATUS 
MEANING COMPARED BITS DESCRIPTION 
TO0 AFFECTED 
0000001 Add immediate C (W) + 1OP — {Ww 
0000001 AND immediate B (W) AND IOP -* (Wh 
0000001 Compare D Compare (W) 10 JOP and set 
immediate appropriate status bits 

0000001 Load immediate B (OP -> (WI 
0000001 OR immediate B {W) OR IOP -* (W) 


OP CODE 
0123456 


3.5.10 Internal Register Load Immediate Instructions 


0 1 2 3 4 5 6 7 8 9 10 VW 12 13 14 15 


General format: OP CODE N 


DESCRIPTION 


Load workspace pointer immediate 1OP — (WP), no ST bits aftected 
Load interrupt mask IOP, bits 12 thru 15 *ST12 
thru ST15 
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35.11 Internal Register Store Instructions 


0 1 2 3 4 5 6 7 8 9 10 #11 12 #130 «14 =~ «115 


General format: OP CODE N | w ] 


No ST bits are affected. 


OP CODE 
DESCAIPTION 
10 
Store status register (ST) > (W) 
Store workspace pointer {wP) > (Ww) 


MNEMONIC 


3.5.12 Return Workspace Pointer (RTWP) Instruction 
0 1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 
General forma: [ o [of ofofofof+[+{[rfofo{T ow» | 


The RTWP instruction causes the following transfers to occur: 


(WR15) > (ST) 
(WR 14) -» (PC) 
(WR13) - (WP) 


3.5.13 External Insteuctions 
tt) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


General format: oP CODE eee ee 


External instructions cause the three most-significant address lines (AQ through A2) to be set to the below-described 
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 


STATUS ADDRESS 
MNEMONIC O12 a coor MEANING. BITS DESCRIPTION BUS 
i | AFFECTED 
IDLE Suspend TMS 9900 


instruction execution until 
an interrupt, LOAD, or 


RESET oceurs 


RSET Reset O~ STI2 thru STI5 
CKOF User defined 
CKON User detined 


: 


LREX User delined 
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MICROINSTRUCTION CYCLE 

The SBP 9900 includes circuitry which will indicate the completion of a microinstruction cycle. Designated as the 
CYTEND function, it provides CPU status that can simplify system design. The CYCEND output will go to a low logic 
level as a result of the low-to-high transition of each clock pulse which initiates the last clock of a microinstruction. 


SBP 9900 INSTRUCTION EXECUTION TIMES 


Instruction execution times for the SBP 9900 are a function of: 


1) Clock cycle time, te 
2) Addressing mode used where operands have multiple addressing mode capability 
3) Number of wait states required per memory access. 


The following Table 6 lists the number of clock cycles and memory accesses required to execute each SBP 9900 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory accesses with all operands addressed in the workspace-register mode. To determine the 
additional number of clock cycles and memory accesses required for modified addressing, add the appropriate values 
from the referenced tables. The total instruction-execution time for an instruction is: 


T= te (C+ WM) 


where: 
T = total instruction execution time; 
te = clock cycle time; 
C = number of clock cycles for instruction execution plus address modification; 
W = number of required wait states per memory access for instruction execution 
plus address modification; 
M = number of memory accesses. 
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TABLE 6 


INSTRUCTION EXECUTION TIMES 


] clock | MEMORY ADORESS | f ciocx | memory] aooness | 
| WstaUcTiON CYCLES | ACCESS | moDIFICATION’} — | INSTRUCTION jeveues | ACCESS MODIFICATION! 
: c i mT souace joest 1 c M___: Sounce]o=sT i 
i 5 a ry a Tat Leet : 10 7 j 
[aa 14 | 4 . Bp. fhe fl 1 Mov ‘ wa! 4 A A | 
j ABS use Oo 12 got BS ~  T wove en) ee | a et 
iMSBOO1D 14 3 a 1APY 52 | $ a 
al 14 x 4 : | NEG ‘1? 3 a ae 
‘aNol 14 4 i : ont “4 4 | 
‘B 8 ? 1 ok | aser 12 r) ‘ : 
BL 12 3 A ) RTP 14 4 H H i 
BLY 26 6 H A s ry 4 ; oa a i 
Cc 14 3 A A ' $B 14 4 | 8 8 
cB 14 3 8 8 $60 2 eo 
cr ' 14 3 sez 12 2 ie 
cnor ” 1 ' SETO 16 3 {oa 4 | 
cKO. 1? 1 | Smtr te -O) 12+2¢ > j ie 
cin 10 3 a, 1€ 0.84412 15 i ' 
coc Ww, 3 A 1 wttRO Or 52 4 
Cre or 3 A | 46-9 Bis 12 15 
ere 10 3 : a | ot AP Pe OF 20°27" 4 - | 
crer 10 3 A "soc 14 4 a 1 A! 
DIN ESTA yet 16 2 A | ' soce 14 4 7) | eo: 
Div ISTH is resent 92 104 6 : a | : STCRIC OF 60 4 i oe Sp Sas 
Wee 12 ' | We Gob 42 4 rn: i 
0 10 3 A ca a 4 a: ! 
net 10 ? a 15+. 18s 63 4 2 ! ‘ 
way 10 3 A I STST e 2 ' { 
fury (PC as * sme 8 2 { i i 
ged 10 1 swe 1G 3 a oe ' 
Corts | H i $ze a: 4 a ja | 
(neous a ie. ¢ | SZcB a 
(LER IC 0 n? 3 1 A j 1B Ws 2 ! ; 
eG wD 20°7C a 8 at { poet 1 jeg | 
Wye IL 2082E 3 A xOP | 38 S.A : 
y 12 3 xoR “ij 4 } ae a ' 
14 2 ' | Ie nt 
12 i : | | ' 
: . Roe oh eo acca | eee ath - ee ee 
REST turcron | 26 5 Undet ned op cases, 
TOAD tunction | 22 5 0000 01 F 0320 
[rea cuotmnt 093F OC 00 OF FE, 
vn ‘ e 
an i, a 0780 07F 


"Execution tim 
** Execution tim 
t 
The letters A and B refer to the respective tables that fo! 


ADDRESS MODIFICATION — TABLE A 


CLOCK 
CYCLES 
c 


0 
4 
8 
8 
8 


ADDRESSING MODE 


WR (Tg or Tp = 00) 
WR indirect (Tg or Tp = 01) 


WR indirect auto- 
increment (Ts of Tp © 11) 

Symbolle (Ts or Tp = 10, 
SorD=0) 

Indexed (Ts or Tp = 10, 
SorD #0) 
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MEMORY 
ACCESSES 


dependent upon the partial quotient after each clock cycle during execution. 
added to the execution time of the instruction located at the source address minus 4 clock cycles and 1 memory access time 


ADDRESS MODIFICATION — TABLE B 


CLOCK 

ADDRESSING MODE cYCLES 
WR (Ts or Tp = 00) 
WA Indirect (Ts or Tp = 01) 
WR indirect auto- 

increment {Ts or Tp = 11) 
Symbolic {Ts or Tp © 10, 

SorD=0) 
Indaxed (Ts of Tp = 10, 

SorD¥0) 


MEMORY 


ACCESSES 


27 


As an example, the instruction MOVB is used in a system with te = 0.333 us and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode: 


T = te (C + WM) = 0.333 (14 + 0-4) ps = 4.662 us 
1f two wait states per memory access were required, the execution time is: 
T = 0.333 (14 + 2-4) ys = 7.326 ys. 


If the source operand was addressed in the symbol:c mode and two wait states were required: 


T=te(C + WM) 
C=14+8=22 
M=44+1=5 


T = 0.333 (22 + 2°5) us = 10.656 ys. 


INTERFACING 


The input/output (1/0) accommodations have been designed for TTL compatibility. Direct interfacing, supportab‘e 
by the entire families of catalog devices, is shown in Figure 15. 


AOORESS BUS 15 BITS 


12 BITS 


8 Beare 
BITS 

IN 

SIH 

8 a a 
BITS \——— 
ouT ROM 

ISN54S472 


DATA BUS 16 BITS 


CLOCK 
GENERATOR 
SNS54LS124 


FIGURE 15 — MINIMUM SBP 9900 SYSTEM 
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INPUT CIRCUIT 


The input circuit used on the SBP 9900 is basically an RTL configuration which has been modified for TTL 
compatibility as shown in Figure 16A. An input-clamping diode is incorporated to limit negative excursions (ringing) 
when the SBP 9900 is on the receiving end of a transmission line; an input switching threshold of nominally +1.5 volts 
has been specified for improved noise immunity. This threshold is achieved via two resistors which function as a 
voltage divider to increase the one Vge threshold of the I2L input transistor to +1.5 volts. Since this input circuit is 
independent of injector current, input threshold compatibility is maintained over the entire speed/power performance 


range. 


A. EQUIVALENT OF EACH INPUT 


CLOCK : Req. = 5KN 
ALL OTHERS : Req. = 10KN 


8. TYPICAL OF ALL 
OUTPUTS 


-- OUTPUT 
A eq. 
INPUT —— 


(NPUT/OUTPUT 


FIGURE 16 — SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 


The input circuit characteristics for input 
current versus input voltage are shown in 
Figure 17. The 10K and 20K ohm load lines 
and threshold knee at +1.5 volts provide a 
high-impedance characteristic to reduce input 
loading and improve the low-logic level input 
noise immunity over some standard TTL 
inputs. Full compatibility is maintained with 
virtually all 5 volt logic families even when the 
SBP 9900 is powered down (injector current 
reduced). 


Sourcing Inputs 


The inputs may be sourced directly by most 6 
volt logic families. Five volt functions which 
feature internal pull-up resistors at their out- 
Puts require no external Interface compo- 
nents; five volt functions which feature open- 
collector outputs generally require external 
pull-up resistors. 


Terminating Unused Inputs 


Inputs which are selected to be hardwired to a 
logic-level low may be connected directly to 


1) INPUT CURRENT 


INPUT CURRENT 
” 
INPUT VOLTAGE 


200A 


100 uA 


1OKM LOAD 


LINE | 


10m 


V, - INPUT VOLTAGE 


FIGUAE 17 — TYPICAL INPUT CHARACTERISTICS 


C, EQUIVALENT OF EACH INPUT/OUTPUT 
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ground. Inputs which are selected to be hardwired to a logic-level high must be tied, via a current limiting (pull-up) 
resistor, to a Jogic-level-high low-impedance voltage source such as Vcc. A single transient protecting resistor may be 
utilized common to (N) inputs. 


OUTPUT CIRCUIT 


The output circuit selected for the SBP 9900 is an injected open-collector transistor shown in Figure 16B, Since this 
transistor is injected, output sourcing capability is directly related to injector current. In other words, the number of 
loads which may be sourced by an SBP 9900 output is directly reduced as injector current is reduced. 


The output circuit characteristic for logic-level low 

output voltage (VOL) versus logic-level low output 

current (tOL) is shown in Figure 18. At rated injector 

current, the SBP 9900 output circuit offers 2 low-level 400 
output voltage of typically 220 mv. 


OUTPUT VOLTAGE 
“ 
OUTPUT CURRENT 


350 Ta "26°C 
The output circuit characteristics for 1) logic-level nign 2 
output voltage (VOH) and current (IOH), 2) rise times, | 300 
and 3) next stage input noise immunity, are a function 8 
of the load circuit being sourced. The load circuit may < 20 
be either: Fo) 
> 
- 200 
A) the direct input, if mo source current is z 
required, of a five-volt logic family 5 150 
function, 
i) 100 
or, for greater noise immunity and improved rise times, 
50 
B) the direct input of a fivevolt logic 
family function in conjunction with a ti) 


discrete pull-up resistor. 
1g — OUTPUT CURRENT — mA 
When a discrete pull-up resistor (RL) is utilized, the 
fanout requirements placed on a particular SBP 9900 FIGURE 18 — TYPICAL QUTPUT CHARACTERISTICS 
output restrict both the maximum and minimum value 
of RL. Techniques for calculating AL(max) and RL{min) respectively are explained in the SBP 0400A, SBP O401A 
data manual in Chapter 2 of this data book. 


POWER SOURCE 


12L is a current-injected logic. When placed across a curve tracer, the processor will resemble a silicon switching diode. 
Any voltage or current source capable of supplying the desired current at the injector node voltage required will 
suffice. A dry-cell battery, a 5-volt TTL power supply, a programmable current supply (for power-up/power-down 
operation) — literally whatever power source is convenient can be used for most cases. For example, if a 5-volt TTL 
power supply is to be used, a series dropping resistor would be connected between the 5-volt supply and the injector 
pins of the I2L device, as illustrated in Figure 1, to select the desired operating current. 


An alternate solution utilizes the Texas instruments TL497 switching-regulator as illustrated in Figure 20, 
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*VsSuPPLY 
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GENERAL FORMULA (OHM’‘S LAW) 


Vsupecy — Voc 


Aprop = lee 


EXAMPLE FOR VsuppLy ™ 5V. AND I¢¢ = 600 mA: 


6§-1.06 3,906 
RAornop pert "os" 7.9 OHMS 


FIGURE 19 — INJECTOR CURRENT CALCULATIONS 


Operating from a constant current power source, 
the SBP 9900 may be powered-up/powered-down 
with complete maintenance of data integrity to 
execute instructions over a speed/power range span- 
ning several orders of user-selectable injector-supply- 
current range as illustrated in Figure 21. 


Figures 22 and 23 show the typical injector node 
voltages whlch occur across the temperature and 
injector current ranges. 


B—JOV de 


500 mA © 1,05 V 


FIGURE 20 — SWITCHING-REGULATOR 
INJECTOR SOURCE 


TYPICAL CLOCK PERIOD 
2 


100 ns 
10 mA 100 mA 1000 mA 


INJECTOR CURRENT 


FIGURE 21 — SBP 8900 CLOCK PERIOD V5. INJECTOR CURRENT 


3 


1400 


1300 


1200 


1100 


1000 


Vec-TYPICAL INJECTOR NODE VOLTAGE-mvV 


Vec-TYPICAL INJECTOR NODE VOLTAGE-v 


900 
800 
700 
-7§ -50 -25 0 25 5s 75 100 125 0 200 400 coo 800 1960 
Ta-FREE-AIR TEMPERATURE—C Icc-INJECTOR-CURRENT—mA 
FIGURE 22 — INJECTOR-NODE VOLTAGE FIGURE 23 — INJECTOR-NODE VOLTAGE 
VS. FREE-AIR TEMPERATURE VS. INJECTOR CURRENT 


6. ELECTRICAL AND MECHANICAL SPECIFICATIONS 


6.1 SBP 9900 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED Icc = 500 mA 


Supply current, loc 


> 
wo 
o 


High-level ourput voltage, Von 


y 
i=} 


Setup time, ts (see Figure 24) 


Hold time, ty (see Figure 24) 


INTREQ 
ICO — 1C3 
Operating free-are temperature, Ta 


1 Alsing edge of clock pulse Is reference. 
TENTATIVE DATA SHEET 


This document provides tenurive information 
on @ new product Texas Instruments reserves 

32 the right to change specifications for this 1276 
product In any menner without notica 


&2 $8P 9900 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTED) 


PARAMETER 


Vin High-level input voltage 
Vit Low-level input voltage 


Input clamp voltage 


Vik 
i ton High-level oulput current 
1 


Vo. Low-level output voltage 


ViL 70.8 V, tou * 20mA 
| ' 
1 input current 


locos S00mA, Vi=2.4V 
| 


"For conditions shown a3 MAX, use the appropriate value specified under recommended operating conditions. 
741; typical valuas are atigg " 500 mA, Ta = 25°C. 


All other inputs 


63 SBP 9900 SWITCHING CHARACTERISTICS (icc = 500 mA) 
SEE FIGURES 24 AND 25. 


| PARAMETER TEST CONDITIONS MIN TYPE MAX | UNIT 


MAXIMUM CLOCK FREQUENCY 


CLOCK ADORESS BUS [AO — A14) 
CLOCK DATA BUS (D0 — 015) 


\ Vis ge 
SPUR UT PHL 
pe 


1 TPL Of PHL, 


“repute | CLOCK 
LH PH CL = 150F. RL + 280.0 


CLOCK CRU CLOCK (CAUCK) 
CLOCK CRU DATA OUT (CRUOUT) 


"Lid Ct PHL 
'PLH OF TPH 


'PLH OF PHL HOLD ACKNOWLEDGE (HLDA) 
LHOIPHL Walt 
(LH OF IPH INSTRUCTION ACQUISITION (1AQ) 


TAIN typical values aro ac2s5c 


TENTATIVE DATA SHEET 


This document provides tentative information 

on a new product, Texas Instruments reserves 
‘ the right to change specificaiom tor this 33 
276 product In any manner without notlce 


| 
| 
INPUTS | 
| 


| 
le ten —»| be tHe 
| rs ae 
CRUCLK | 
. ! | 


{ 
| 
| 
—>| 


ALL 
OTHER \ 
OUTPUTS | 


ae 


WE 


FIGURE 24 — SWITCHING TIMES-VOLTAGE WAVEFORMS 


Vec*5V 
Ry, = 28082 
FROM ANY 
OUTPUT 
CL = 180 pF 


T 


FIGURE 25 — SWITCHING TIMES LOAD CIRCUITS 
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6&4 CLOCK FREQUENCY VS. TEMPERATURE 


Stability of the operational frequency over the full temperature range of —55°C to 125°C is illustrated in Figure 26. 


A-C PERFORMANCE 
“ 
FREE-AIR TEMPERATURE 


te, -— TYPICAL A-C PERFORMANCE 


-75 -S0 -2% 0 2 50 7S 100 125 
Tp — Free-Air Temperature — °C 


FIGURE 26 — A-C PERFORMANCE VS. TEMPERATURE 


7. MECHANICAL DATA 


(1) 2 

‘ q fee $$ 3.200 : 0.030 —____________»| 

pms : al Fane aan 0.185 MAK 
Q 


SEATING 


eS PLANE 


0.010 oho 
NOM 


0.120 MIN 


PIN SPACING 0.100 T.P. 20,020 
(See Note A) 


NOTE A. Eoch pin camerting is located within 0.010 af its teus Songitudinal position. 
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8.1 


SBP 9900 PROTOTYPING SYSTEM 
HARDWARE 


The TMS 9900 prototyping system enables the user to generate and debug software and to debug 1/0 controller 
intertaces. The prototyping system consists of: 


e 990/4 computer with TMS 9900 microprocessor 


e 1024 bytes of ROM containing the bootstrap loader lor loading prototyping system software, the 
{ront-panel and maintenance utility, and the CPU self-testing jeature 


° 16,896 bytes of RAM with provisions for expansion up to 57,334 bytes of RAM 
e Programmable-write-protect feature for RAM 


e Interface for Texas Instruments Model 733 ASR* Electronic Data Terminal with provisions for up to five 
additiona! interface moculdes 


* Requires remote device contro! ana 1200 baud E.A sntertace option on 733 ASA 


8.2 


8.3 


e Available with Texas Instruments Model 733 ASR Electronic Data Terminal 
° 7-inch-high table-top chassis 


e Programmer's front panel with controls for run, halt, single-instruction execute, and entering and displaying 
memory or register contents 


e Power supply with the following voltages: 
5Vdc@20A 
12Vdce@2A 
-12Vdce@1A 
-5Vdce@01A 


e Complete hardware and software documentation. 


SYSTEM CONSOLE 


The system console for the prototyping system is the 733 ASR, which provides keyboard entty, 
30-character-per-second thermal printer, and dual cassette drives for program loading and storage. 


SOFTWARE 


The following software is provided on cassette for loading into the prototyping system: 


e Debug Monitor — Provides full control of the prototyping system during program development and includes 
single instruction, multiple breakpoints, and entry and display capability for register and memory 
contents for debugging user software under 733 ASR console control. 


e One-Pass Assembler — Converts source code stored on cassette to relocatable object on cassette and 
generates program listing. (Object is upward compatible with other 990 series assemblers). 


e Linking Loader — Allows loading of absolute and relocatable object modules and links object modules as 
they are loaded. 


e Source Editor — Enables user modification of both source and object from cassette with resultant storage 
on cassette. 


e Trace Routine — Allows user to monitor status of computer at completion of each instruction. 
e PROM Programming/Documentation Facility — Provides documentation for ROM mask generation, oF 


communicates directly with the optional PROM Programmer Unit. 
1276 
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INDEX FOR SCHOTTKY TTL BIPOLAR MEMORIES 


FIELD PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARY (SEE PAGE 1) > 


MASK-PROGRAMMED READ-ONLY MEMORY (ROM) LINE SUMMARY 


oe TYPICAL PERFORMANCE 
TYPE NUMBER (PACKAGES) BIT SIZE 
ACCESS TIME DISSIPATION 

256 Bits 
Eclat (ete icici ee Ce el 
fewene [wonun [era | atte, | an | mm | 

(256 Wx 46) 

pSnsesz7ol_{ Swriszieu.Ni | Querceiecer {asap _{ asm | szemm | 7 | 
[swsasa70w) [| sn7asa70u.n) | asure | (si2wxee) | 
Pnsasz7iiar | “swresaniu.ni | OpenColecior [048 Bin 
[swsasariay—[snesina.w | ssun | Cae) | 
READ/WRITE MEMORY (RAM) LINE SUMMARY 


TYPE NUMBER (PACKAGES) BIT SIZE OUTPUT 


0°C to 70°C (ORGANIZATION) | CONFIGURATION 


TYPE OF 
OUTPUTIS) 


TYPICAL PERFORMANCE 
ADDRESS POWER 

j Beerere | 

SN74S1691, N) GA bits Three-state = ee 

(16 W x 4B) Open-Collector 


Three State ———— = 
256 bits 
(256 Wx 18) tem | 60Omw 
Open-Collector 276 mW 
ESTE oar 
TC 
[swsasavatsi | SN74S2141J. NI _| aT 
Three State 
[snsauszveur | sn7auszi6u.n) | 1024 bin Bina | 
LT swasar4au.n)] (1024 wx 18) 
[snsasavain [ sw7as3iau.n) | =a 
[sNsausarat | SN7@LSav4U,N) Open-Collector 
[swsatsaveis) | sN74s9140,N)__| 
[om | 
[SNeaiszo7 | SN74LS207,N7_] 1024 bin 
(2668 x 48) Siva. Acs aay | 
een 
[swsasaooi) | SN74S400U,N) | 4006 bu 
leaeee 


FIRST-IN/FIRST-OUT (FIFO) MEMORY 


PAGE 


16 


19 


25 


TYPICAL PERFORMANCE 
TYPE NUMBER 


(PACKAGES) DATA RATES FALL POWER 
INPUT OUTPUT THROUGH 


fN) PO pie d< to 10 MH 10 MH 
SN74S225(J (ew 5B) to z d-< to z 


“Powered down 


BIT SIZE 
(ORGANIZATION) 


TEXAS INSTRUMENTS 


INCOHPORATECD 
POST OFFICE BOR $012 + OALLAS. TEMAS 75232 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


SCHOTTKY? 
PROM’S 


e@ = Titanium-Tungsten (Ti-W) Fuse Links for © Full Decoding and Chip Select Simplify 
Fast, Low-Voltage, Reliable Programming System Design 
e All Schottky-Clamped PROM’s Offer: e Applications Include: 
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders 
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators 
P-N-P Inputs for Reduced Loading on Translators/Emulators 
System Buffers/Drivers Address Mapping/Look-Up Tables 


BIT SIZE OUTPUT 
(ORGANIZATION) CONFIGURATION 


TYPICAL PERFORMANCE 
256 bits 


AODORESS POWER 
oe TIME oe 
(32 W x86) ro 
1024 bits 
{256 W x 4B) open. ee 


2048 bits open-collector 


asswxee) [| tweenne ‘| 


raw ee ee 
| —sthree-state state 


TYPE NUMBER (PACKAGES) 
-55°C to 125°C 0°C to 70°C 


SN54S1B81J, W) 
SN54S288(J, W) 
SN54S287(J, W) 
SN545387(), Wi SN74$387(J, 

$N54S470(J) SN74S470(J, 
SNS4S471(J) SN74S471(J, 
| §N54S47 20) SN74S472(J, 
[ $N54S4731J) SN74S4731J, 
SN54S474(J, W) SN74S474(J, 
SN54S475(J, W) SN74S475UJ, 


SN74S188(5, 
SN74S288(5, 
SN74S2871J, 


4096 bits 
(S12 Wx 6B) 


266 BITS 1024 BITS 2048 BITS 4008 BITS 4006 BITS 
(32 WORDS BY 8 BITS) (266 WORDS BY 4 BITS) (286 WORDS BY 8 BITS) (812 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 
"S168, ‘S268 ‘$267, ‘8387 ‘8470, ‘5471 'GA72, ‘GA73 “BA74, ‘5475 
por a8 vee aoG Ne Vee aoa s vec tai vec o roi J fam ve 
m2 | 5 6 aot 2% 3 aon aoe 2 9 aDK 200 2 w aoe wc ‘a IPsm aoe 
voray ‘1 ape aot 3: ade ape 3 ve a0G aoc a 1 40F aes fon 
Wea, v3) AOD avo a sia he 400 6 wy ape 400 a Ww aos wee Ne ae 
to% 12: a0c ADA 5. 12 008 ant o 87 sor wi we ape ao a Dw 
co 8 4, "abe 400 6. 191 002 0016 wor 00! 6 w 5 word Saw 
bot 19 aD apc y 110 09.3 po? » 14 pos oa? ¥ 4 908 wid ‘Dee 
CHD 8. 1 we GnD & D9 oo4 003 8 12 pO? 202 6 2 O07 rere ee ooo 
ooas 12 008 one 9 2 906 ma g De oo 
CHO 104 1 008 GND 40 11 008 Sh Ns 


Pon assignments tor all of these momories are the seme for all packages 


description 

These monolithic TTL programmable read-only memories (PROM's) feature titanlum-tungsten (Ti-W) fuse links with 
each link designed to program in one millisecond or less. These PROM’s offer considerable flexibility for upgrading 
existing designs or improving new designs as they feature full Schottky clamping for improved performance, 
low-currant MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and improved 
chip-select access timos. 

The high-complexity 2048- and 4096-bit 20-pin PROM’s can be used to significantly improve system density for fixed 
memories as all are offered in a dual-in-line package having pin-row spacings of 0.300 inch. 


PRELIMINARY DATA SHEET: t 
Supplementary data may be <1 TEXAS INSTRUMENTS Seas oooh Battier diode- 
published at » later date. INCORPORATED Tones Tnstrurmanta Uns en 


FOBT OFFICE GOX FOL2 © CALLAG, TEXAS 79923 Number 3,463,976. 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 
specified. All PROM’‘s, except the ‘S287 and ‘S387, are supplied with a low-logic-tevel output condition stored at each 
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected 
locations. The procedure is irreversible: once altered, the output for that bit location is permanently programmed. 
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit 
within the recommended operating conditions will not alter the memory content. 


Active level(s) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input causes all 
outputs to be off. 


The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 
schematics of inputs and outputs 
“S188, ‘S287, 'S2B8, ‘S387, ‘S470, "S168, ‘S387, “$287, ‘S268, 
"$471, ‘S472, ‘S473, ‘S474, ‘SA7S "S470, ‘S473, ‘SATS "S471, ‘SA72, ‘SA74 


EQUIVALENT OF TYPICAL OF TYPICAL OF 
EACH INPUT ALL OUTPUTS ALL OUTPUTS 


ey ee 


eee “OUTPUT 
C. 


=> Vice 


OuTPUT 


Programming circust not shown 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (see Note 1) 2 eked. al eek ae Ae 
Input voltage 2... ey fee ‘ bees ete OF 28, pide SiO 
Off-state outputvoltage 2. 2... Yue dott te Aer alee Ges Oe ot rd a . 55V 
Operating free-air temperature range: SN54S’ Circuits ea Me ious a -55°C to 125°C 

SN74S’ Circuits Soe ee ee ee OC 10 70°C 
Storage temperature range 2. 7. we yes nas -65°C to 150°C 


recommended conditions for programming 


Supply voltage, Vcc (see Note 1) 
Input voltage High level, Vinq 


Low level, Vi_ 


See load circult 


Termination of all outputs except the one to be programmed 
(Figure 1) 


Voltage applied to output to be programmed, Vopr) (see Note 2) 


Duration of Vcc programming pulse Y (see Figure 2 and Note 3) 


Programming duty cycle 
Free-air temperature 


TAbsolute maximum ratings. 


NOTES: 1. Voltage volves sre with respect 10 network ground terminal. The supply voltage rating does not apply during programming. 

2. The ‘S188, ‘S288, ‘S470, ‘S471, ‘S472, ‘S473, ‘S474, and ‘$475 are supplied with all bit Jocations containing a jow logic level, and 
programming a bit changes the output of the bit to high logic level. The ‘S287 ana ‘$387 are supplied with all bit outputs at a high 
logic level, and programming a bit changes It to a low logic level. 

2. Programming Is guaranised if the oulse applied Is 0.9 ms long. 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


ST i Pt SEED 


step-by-step programming procedure 


1 


Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. 


2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 


If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 


. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 ki? 


and apply the voltage specified in the table to the output to be programmed. Maximum current out of the 
Programming output supply during programming is 150 mA. 


5. Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


10. 


"OTE 


- Apply a low-logic-level voltage to the chip-select input(s). This should occur between 10 ys and 1 ms after Vcc has 


reached its 10.5.V level. See programming sequence of Figure 2 


Alter the X pulse time (1 ms) is reached, a high logic tevel is applied to the chip-select inputs to disable the 
outputs. 


. Within 10 us to Tims after the chip-select input(s) reach a high logic level, Vcc should be stepped down to 5 V at 


which level verification can be accomplished. 


. The chip-select input(s) may be taken to a low logic level (to permit program verification) 10 us or more after VCC 


reaches its steady-state value of 5 V. 


Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 


Only ona programming attempt per bit is recommended. 


vine — mp $$$ rte ————_ 
ALO TO deters procuaw wosy 
{ MEMGYE we HD 


ROCHA 
\ BOLUCE avi Nace 


= Mie 
LOAD CIRCUIT FOR EACH OUTPUT i a a vu 


‘ani ge tue rhe 
tte th 
t t 


NOT BEING PROGRAMMED OA FOR ari mevove 
PROGRAM VERIFICATION Yow ‘Ue 
FIGURE 1 FIGURE 2~VOLTAGE WAVEFORMS FOR PROGRAMMING 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


recommended operating conditions 


Supply voltage Voc Series 74S 


Series 54S 
Series 74S 


High-level output current, IQH 


Low-level output current, 1oL 


Series 54S 


Operating free-air temperature, T 
P : x Series 74S 


PARAMETER 


VIH High-level input voltage 2 


VIL Low-level input voltage 
Vec = MIN, 
Vit 2 OB V, 
Vec> MIN, 
Vir 0.8V. 
Off-state output current, Voc = MAX, 
high-level voltage applied Vor24Vv 
Olf-state output current, Vec® MAX, 
low-level voltage applied Vo7205V 
tnput current at maximum 


VOH High-level output voltage 


VoL Low-level output voltage 


'ozH 


Vec= MAX, 
input voltage ce 


High-level input current 
Low-level input current Veco = MAX, 
Short-circuit output current § Vcc = MAX 
Voc ® MAX, 
Chip select(s) a1 0 V, 


Supply current 
Outputs open, 


See Note 4 


ta(ad) (ns) ta(§) (ns) tpxz (ns) 


Access time from Access time from Diseble time from 
TEST CONDITIONS 


chip select (ensble time) high or low level 


SNS4S287 
SN74S287 
SNS4S288 


t and 
SN745288 ‘alad) a(S) 
5 pF for tpxz: 


RL = 3002: 
See Figure 4 


CL = 30 pF for 


$N74S472, SN74S474 


TF or conditions shown as MIN of MAX, use the appropriate value tpecified under recommended operating conditions. 
TAN typical values are at Vee = SV, Ta ® 25°C. 
§ Not more than one output should be shorted at 8 time and duration of tha short-circult should not exceed ona second. 


@An SN54S2B87 in the W packege opersiing a f alr ternperatures above 108°C requires a heat sink thst provides s thermal resistance from 
case-to-free-alr, Agca, of not more than 42 C/W, 
NOTE 4: The typical values of !c¢ shown are with ail outputs low, 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


Senes 54S 
Series 74S 


Supply voltage, Voc 


High-level output voltage, VOH 


Lowdevel output current, lot 


Operating free-air tempera re, T 
0 700 70 


i PARAMETER 


MIN TYP? MAX /UNIT 


: VIH High-level input voltage PP o2C 
VIL Low-level input voltage [—~—tTEC 
‘Vix Input clamp voltage Vec © MIN, 
: Vcc = MIN, 
jon High-level output current Vins 2V, 100 
I ViL=08V 

Vcc = MIN, Vint 2v, 
| YOu Low-level output voltage ae 


Vit = 0.8V, lon = MAX 
Voc = MAX, Vi+S.5V 


pre As Z zy 
Mh Input current at maximum input voltage 


ur) High-level input current 


Low-level input current 


Outputs open, 
See Note 4 


lec Supply current ee ee 
ea 
; 


switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 


tPLH (ns) 
1g(aa) (ns) ta (5) (ns) Propagation delay time, 
Access time from Access time from 
chip setect (enable time) 


low-to-high-level output 
fram chip select (disable time) 


TEST CONDITIONS 


SN54S188 


SN74S$188 
[swrasap7 | yy = 3000, 


Ri27 6002. 


$N74S470 See Figure 3 
5NS4S473, SN54S475 


SN74S473, SN74S476 


CL = 30pF, 


1 For conditions shown a1 MIN or MAX, use the appropriate velue specified under recommended operating conditions. 


Tall typical values are at Voc = 5 V, Ta = 28°C. 
Ta . P 
@An SN64S387 In the W package operating at free-alr temperatures above 106°C requires a heat eink that provides a thermal resistance from 


cate-to-free- air, Faca. of not more than 42°crw. 
NOTE 4: The typical values of lec shown are with all outputs low. 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 
v 
FROM OUTPUT 


ce 
Ri1 > 20082 
UNDER TEST = mat 
CL 30pF A,2> 6008 Rte os 


(See Note B} ai 


ns 
LOAD CIRCUIT VOLTAGE WAVEFORMS 
NOTES: 
A, The input pulse generator has the following characternstecs 24, = 50 QM PRR © 1 MH t, © 25 ns, and ty 2.5 ns 
B. CL includes probe and 11g capacitance 
C. The pulse generator is connected to the input under test: The other snputs, mamory content permilting, are connacted so that he 
input will switch the Output unger test 
FIGURE 3 — SWITCHING TIMES OF ‘S188, °S470, ‘S3B7, ‘S473, AND ‘S475 
Yec 
° ADOHESS wooo nr ees av 
TEST aed SPU AM. Mov K15v 
(See Note As oo! ) eee --0V 
POINT ‘ 
. RAL 3002 atau bet otaci™ 
1 YOu 
OUTPUT 
FROM OUTPUT 15V fisv 
a WEES Ose eel ie ta! v 
UNDER TEST O% 
ACCESS TIME FROM ADDRESS INPUTS 
VOLTAGE WAVEFORMS 
Cae 
SELECT ; iat 
CL INPUTS wae coed 
p 7 , M4 - = ae ov 
$2 (See Note B) . etal S) aad tpLZ 
WAVEFORIAL ' : aay 
16v 'uyosy 
1S$1 \tosed, $2 open, t I ec 
. 5 ‘ —7" You 
See Note Ci ene an 
7 WAVEFORM 2 ‘ -2--Von 
St open $2 ciosed, tos v 
Cy re lades erohe and pg sana itance See Note C) IpHzZ deo -“OV 
All hades are INJOGE 1pxz = tPHZ OF (PLZ 
T 
LOAD CIACUIT ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELEC 


VOLTAGE WAVEFORMS 


NOTES: When measuring access times from address inputs, the chip select inputts! is(are) love 

When meaturing access and disable times from chip select enput(s), the address inpuls are steady state 

Wavetorm 1 19 for the Output with internal conditions such that the output 1s low except when disabled Waveform 2 is for the 

Output with internal conditons such that the ovtpul 1s high except when disabled. 

D. Input waveforms are supplied by pulse generators having the following characterisuct. t © 2.5 ns, ty © 2.5 ns. PRA S17 Mee, 
8nd Zou, * 50 BR. 


oop 


FIGURE 4 — SWITCHING TIMES OF ‘S287, ‘S288, 'S471, ‘S472, AND ‘S474 


PerslED IN USA 1276 
Th cannot assume say responsbslity for any circvils thems 
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READ-ONLY MEMORIES 


BULLETIN NO. OL-S 7512289, MAY 1975 


TTL 
MEMORIES 


@ Mask-Programmed Memories That Can Replace PROMs 


256 BITS [32 WORDS BY 6 8178) 
‘BBA 


¢ Full On-Chip Decoding and Fast Chip Select(s) Simplify System 00114 16 Vcc 
Decoding 002 2 is § 
¢ All Schottky-Clamped ROMs Offer 003 3 14 ADE 
—Choice of 3-State or Open-Collector Outputs DO4 4 13 ADD 
—P-N-P Inputs for Reduced Loading on System Buffers/Drivers 00s 12 AOC 
© Applications Include: 006 6 11 AaoB 
—Microprogramming Firmware/Firmware Loaders 007 7 10 ADA 
—Code Converters/Character Generators GND 6 9 008 


—Translators/Emulators 
—Address Mapping/Look-Up Tables 


"187 
TYPE NUMBER (PACKAGES) TYPE OF 

“85°C to 125°C] O°Cto 70°C | OUTPUTISI ADG 1 16 Voc 
SS498ais. wi |sN74B8ais,N) | Open-Cotlector 228 Bits ADF 2 15 AOH 
(32 Wx 88) ADE 3 14 52 

845418719, 4) [SN74187(0, N) | Open-cottector eke ADD 4 139 $14 
ADA § 12 001 

» $%$45270i5) SN74S270(J, N) | Open-Collecior 2048 Bits 

TSNSAS37000)__[5N74S970(J, N) (512 W x 4B) AOIE:6 1 p02 
[S%54S271J)  [SN74S271(9, N) | Open-Collector 2048 Bits apc 7 10 003 
SN54S97114) (256 W x 8B) GND 8 9 o0o4 


2048 BITS {512 WORDS BY 4 BITS) 


description 5270, "S370 

These monolithic TTL custom-programmed read-only memories (ROMs) are 

Particularly attractive for applications requiring medium to large quantities of the AOG 1 16 Vcc 
same bit pattern. Plug-in repiacements can be obtained for most of the popular TTL ADF 2 15 ADH 
PROMs. ADE 3 14 ADI 
The high-complexity 2048-bit ROMs can be used to significantly improve system ADD 4 139.5 

bit density for fixed memory as all are offered in compact 16- or 20-pin duat-in-line ADA 5 12 p01 
Packages having pin-row spacings of 0.300-inch. ADa 11002 
The Schottky-clamped versions offer considerable flexibility for upgrading existing ADC 7 10 903 
designs or improving new designs as they feature improved performance; plus, they GND 8 9 p04 


offer low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or 
open-collector outputs, and improved chip-select access times. 


Data from a sequenced deck of data cards punched according to the specified 


2048 BITS (266 WORDS BY 6 BITS) 


°$271, ‘S371 


format are permanently programmed by the factory into the monolithic structure = ana 20 Vec 
for all bit locations. Upon receipt of the order, Texas Instruments, will assign a 19 ADH 
special identifying number for each pattern programmed according to the order, 408 2 
The completed devices will be marked with the appropriate TI special device ADC 3 18 ADG 
number. It is important that the customer specify not only the output levels desired ADD 4 17 AOF 
at all bit locations, but also the other information requested under ordering ADE 5 16 §2 
instructions. rs 
p01 6 18 $1 
The three-state outputs offer the convenience of an open-collector output with the = poy, 14 008 
speed of atotem-pole output: they can be bus-connected to other similar outputs 
yet they eetain the fast rise time characteristic of the TTL totem-pole output. The 003 8 13 007 
open-collector outputs offer the capability of direct interface with a data line 004 9 12 DOG 
having a passive pull-up. GND 10; 41 00S 


Word-addressing is accomplished in straigMt positive-logic binary and the memory 
may be read when afl § inputs are low. A high at any S_ input causes the outputs 
to be off. 
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Pin assignmante for all of these memories 
sre the same for all packages 


Integrsted Schotthy-Barrier diods- 
clamped transistor is pewnted by 
Texes Instrument. U. & Patent 
Number 3,483,975. 


SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 


functional block diagrams SN54187, SN74187 


SNS488A, SN7468A 


Water gl 


$N54S271, SN74S271 


« sonvee 
scear Miwonr wate 
aceste| 


sos 
raat 


oe por Doe my bos on ony wor 


$NS4$371, SN74S$371 
Same a3 SNS4S271, SN74S271 excopt 


Outputs aro as shown balow 


SN64S370, SN74S730 
Some as SN54S270, SN74S270 except 


Outputs ore as shown below: 


oe 
muses F 


word addressing 
“BBA "187, ‘S271, 'S371 '$270, 'S370 
WORD ADDRESS TABLE WORD ADORESS TABLE WORD ADDRESS TABLE 


: 


rlpeeeeclereeclo 


elereele rer 
elreeecleereer 

creeerleeeclo 
elereecieeece|s 
elreereeileeee|m 
eyrrrzrrerec|o 
clriceclrxreelo 
clrercire xocec|p 


elzzrzrxslee re 
2 ee ee ee. 
r[lzerelze xe 


Words 8 thr 


L 
Words 9 1h 
26 omitted 


H 
H 
H 


4 


H 
H 
Hu 
H 
HOH 


Word selection 1s accomplished in a conventional positive-logic binary code with the A address input being the 
least-significant bit progressing alphabetically through the address inputs to the most-significant bit. 
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SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 


schematics of inputs and outputs 


"BBA, '167 “BBA 


EQUIVALENT OF 
EACH INPUT 


TYPICAL OF 
ALL OUTPUTS 


TYPICAL OF 
ALL OUTPUTS 


Yee << 


OUTPUT 


6ki2 NOM ouTPuT 


“$270, ‘S271, ‘S370, ‘S371 "$270, ‘S271 “$370, ‘S371 


EQUIVALENT OF TYPICAL OF 
EACH INPUT ALL OUTPUTS 


TYPICAL OF 
ALt OUTPUTS 


Vee 


OUTPUT 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1), 6 0 7V 
RO ee ee ed Cee ne ee pe 5.5V 
Off-state output voltage... ee 
Operating free-air temperature range: SNS’, SNBAS! Circuits (see Note 2). See ee ee 55°C to 125°C 

SN74‘,SN74S' Circuits. 2 6 ee ee ee OC 10 70°C 
Storage temperature range. 2 2. we -65°C to 160°C 


NOTES: 1. Voltage velues ore with respect to network ground terminal. 
2. An SN64187 in the W package operating et free-air temperatures above 111°C requires 8 heat sink thet provides @ thermal 


resistance from case-to-free-air, Agca, of not more than 46°C. 


nn TEEEEEEEEEIRAEEEE ERED are) 
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SERIES 54S/74S 
READ-ONLY MEMORIES 


recommended operating conditions 


SN7408A_[_SNS4187__- | ___SN74187 
[MIN NOM MAX [MIN NOM MAX [MIN NOM MAX|MIN NOM Max|~™T 


Supply voltage, Voc ) 45 5 85 [475 5 525 475 § 525] Vv 
[Righieve ouipar vee Von [| | aa 
Low-level output current, Io. aaa | [ mA | 


Operating free-air ternperature, Ta 
(see Note 2) 


NOTE 2: An SN54187 in the W package operating at free ar temperatures above 111 C requires a hoat sink that provides a thermal 
resistance from case-to-free-air, Age a. of mo1 more tman 46 CW 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


“BBA “167 


MIN TyPt MAX} MIN TYP? MAX 


PARAMETER TEST CONDITIONSt UNIT 


High-leve! input voltage 

ViL Low-level input voltage jo aa a 8s 
Vik Input clamp voltage ‘ Vec > MIN, ys -12mMA 
Veos MIN, Vip 7 2V, 
Vin = 08V. Von = 5.5V 
Vee 2 MIN, 
VoL Low-level output voltage Vin =2v, : 

vuroav [loursema | | 
1 Input current at maximum input voltage Veo" MAX, VeeS5V ft ml 
tH High-level input current Veco = MAX, Vy 2.4V ee) ee ee 
Hii Low-level input current Vec® MAX, Vi204V [tt ma 
tec Supply current Vec = MAX. Sce Nore 3 [| sao 982130] ma | 


Vec*5V. Vorsyv. 
Co Off-state output capacitance GC. 8 
{= 1MHz 


TE ar conditions shown es MIN or MAX, ute the appropriate value specified under recommended operating conditions 
tan typical vetues ore ot Vee * SV. Ta 7 25°C 


toH High-level output current 


NOTE 3: With outputs open ana CS inputls) grounced, icc 1+ measured first by selecting @ word that contains tha maximum number of 
programmed high-leve! oulputs, then by selecting a word that contans the maximumnumbor of Programmed low level outputs 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONOITIONS 


ta(ad) Access time from address CL + 30pF, 


tat S$) Access time from chip select (enable time) Ac 7 4000 ('8BA) 


Propagation delay time, 300 $2 ('187) 


'PLH low-to-high-level output RL2= 6002, 
from chip select (disable time) See Figure 1 
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recommended operating conditions 


$N74S370 UNIT 

COSC 
Sop volane, Vg fee Cicime ae? 9 aed a Came a 
oS ee et 


High-level output voltage, Von 
High-level output cureent, Ton es ee 2 ee oe 


Lowlevel output current, 1o, 


Overating free-air temperature, Ta 


S270, ‘S271 *$370, ’S371 


MIN TYPt MAX | MIN TYPt MAX 


PARAMETER 


Vin High tevel input voltage 
Pip Low level input voltage 


Vec= MIN,  t)= -18 mA 
Vec > MIN. Vin =2V, 
ViL=08V, Ions MAX 


Vin = 2V, 
eo 
Vit=O8V, lor 2 MAX 

rai eS IE 
Vo~ 2.4V 

Veg MaKe Vig ZV, | sof na | 
Weo= MAK wies8v [Tf 

Vec> WAX, Viz27V af A 
Vec= Max, vjn05v [Sas | SCO ma 


vec MAX 


ee Z sito ee eee 
f2tMHe 


"For conditions shown as MIN oF MAX, use the eeoeraerane value specshed under recommended operating conditons 


Vix (Input clamp voltage 


YOu High-levet output voltage 


H 
i 
i 
j 


1'OH High-level output current 


\ VO. Low level output voltage 
1 


— 
| Olf-state output current, 


4 
{ high level voltage apphed 


Off-state output current 
love level voltage apphed 


Short-circunt output current 2 


Supply current 


Otl-state output capacitance 


tan typical values are at Yoo SV. Ta 25 
8tot more than one output should be shorted at a ume and duration of the short crecuit should not excesd one second. 7 
MOTE 4 With Outputs open and cs inputls) grounded, I¢c 1 measured first by selecting @ word that contains the maximum number o' 


t s 
Programmed high level outputs, thon by solocting a ward that contains the maximum number of programmed low-level output 


switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 


SN54270 $N74270 $N54370 $N74370 
SN74271 SN54370 SN74370 | UNIT 


TEST 
CONDITIONS 


SN54271 


PARAMETER 


Aceess time from address 


Propagation delay time, 


low-1o-high-level output 
from chip select (disable ume) 


a en a CO CO 
See Figure 2 } a 


Access ime from address 
Access tune trom chip select (enable tmel 


'PXZ Disable teme from hugh or low level See Figure 2 


Yau typical values ara at Vee - SV. Ta * 28°C. 
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SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 


vec Crre ay 
SELECT ro. 1 a ib 
INPUTS, : Sm me 
; ' 
FROM OUTPUT ADOAESS! oe cs jae eo eS 
UNDER TEST asks 


CL = 30 pF 


ale (See Note B) ute? 


LOAD CIRCUIT VOLTAGE WAVEFORMS 


NOTES A. The input pulse generator nas the following choractersiscs PRA SY MH, Zou, = 50 $2 For Sores 54/74. t, +. Ts. ty Dos, 
for Serres $4S/74S.t, 8 258,17 S25 m5 
B CL includes probe and jg capacitance 
C. The pulse generator 15 connected 10 the input Unger test The other inputs. memory content permitting, wre connmected $o that the 


iNpet will Switch the Outout under test 


FIGURE 1—SWITCHING TIMES OF ‘B8A, "187, ‘S270, AND 'S271 (OPEN-COLLECTOR OUTPUTS) 


Vcc 

ADORESS ese Ses av 

INPUTS Ms Vv Lis Vv 

(See Note A) fale ay teem w ne --0V 

pe la(od Ot betaaai ¥ 
1 
OuTPUT i OH 
1.5V V5V 

vested (S1 and $2 closed) Pee Vou 


UNDER TEST 


ACCESS TIME FROM ADDRESS INPUTS 
VOLTAGE WAVEFORMS 


CHIP. 
SELECT 
INPUTS 

$2 (See Note B) 


See Note C) 
= WAVEFORM 2 
(St open, $2 closed, 
C_ includes probe end jig capacitance. See Nore C) 
All dioges are 1N3064 tpxzZ 4 1PHZ OF (PLZ 


ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT 
VOLTAGE WAVEFORMS 


LOAD CIRCUIT 


NOTES: A. When measuring access times from address »nputs, the chip-select input(s) (ere) low 

B When measuring sccess and disable times from chip t inputts) the address inputs ore steady slate, 

C. Wavetorm 1 is for the ouput with internal conditions such that the ourput is Jow except whon disabled. Waveform 2 js for the 
Output with Internal conditions euch that the output is high except when dissbled 

D. Input waveforms are supphed by oulse generators having the following characteristics tp S25 ns, ty S 2.6 ms, PRA S17 MAE, 
and Zou, * 502. 

FIGURE 2—SWITCHING TIMES OF ‘S370 AND ‘S371 (3-STATE OUTPUTS) 
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er 


ORDERING INSTRUCTIONS 


Punch “H” or “’L” for output OO 6. 


Programming instructions for these read-only 15 
memories are solicited in the form of a sequenced 
deck of standard 80-column data cards providing the Held, = Blank 
information requested under ‘data card format,” 20 Punch “H” or ’L” for output DO 5. 
accompanied by a properly sequenced listing of these 
cards, and th ac i Shee ee 

s, the supplementary ordering data. Upon 
receipt of these items, a computer run will be made 25 Punch “H” or ‘‘L” for output 00 4. 
from the deck of cards which will d tet 

ich will produce a complete 26-29 Blank 


function table for the requested part. This function 
table, showing output conditions for each of the 
words, will be forwarded to the purchaser as verifica- 

tion of the input data as interpreted by the computer- a il eal 
automated design (CAD) program. This single run 
also generates mask and test Program data; therefore, 36-39 Blank 
verification of the function table should be 
completed promptly. 


30 Punch “H” or “’L" for output DO 3. 
35 Punch “H“ or “‘L” for output DO 2. 


40 Punch “H” or “L” for output DO 1. 


Each card in the data deck prepared by the purchaser 41-49 Blank 


identifies the words specified and describes the levels 50-51 Punch a right-justified integer representing the 
at the outputs for each of those words. All addresses current calendar day of the month. 
Must have all outputs defined and columns designated 
as “blank” must not be punched. Cards should be 52. 4/Blank 
Bunched according to the data card format shown. 53-55 Punch an alphabetic abbreviation representing the 
current month, 
SUPPLEMENTARY ORDERING DATA 
56 Blank 

ei the following information with the data §7-58 Punch the last two digits of the current year. 

a) Customer’s name and address 59 Blank 

b) Customer's purchase order number 60-61 Punch “SN” 


¢) Customer's drawing number, 
62-66 Punch a left-justified integer representing the 


Texas Instruments part number. This is supplied 


The following information will be furnished to the : 
Customer by Texas Instruments: by the factory through a T! sales representative. 
a) Tl part number 67-68 Blank 


b) TI sales order number 

c) Date received. 69-80 Preferably these columns should be punched to 
reflect the customer's part or specification-control 

number. This information is not essentiat. 


‘BBA DATA CARD FORMAT (32 CARDS) 
‘187 DATA CARD FORMAT (32 CARDS) 


Column 
12 Punch a right-justified integer representing the Column 
Positive-logic binary input address (00-31) for the 1-3. Punch a right-justitied integer representing 


word described on the card. the binary input address (000-248) for the 
first set of outputs described on the card. 


34° Blank 


6 Punch “H" or “L" for output Y8. H = high- 4 Punch a “*~"" (Minus sign} 
voltage-level output, L = low-voltage-level output 5-7 Punch a right-justified integer representing 
the binary input address (007-255) for the 


6-9 Blank last set of outputs described on the card. 


10 Punch “H" or “L" for output DO 7. 


11-14 Blank 
rT a 7 PEI 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOR S012 + DALLAS, TaMas 75222 


8-9 Blank 


SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 


10:13 Punch “HR”, “L", or “X” for bits tour, 
three, two, and one (outputs DO 4, DO 3, 
DO 2 and DO 1 in that order) for the first 
set of outputs specified on 
H = high-voltage-leve! output, L = low- 


voltage-level output, X 


irrelevant. 
14 Blank 
15-18 = Punch ""H”, “L", or “*X” for the second set 
of outputs, 
19 Blank 
20-23. Punch “H”, “’L’’, or “*X" for the third set of 
outputs. 
24 Blank 
25:28 = Punch “H” “L", or “X*’ for the fourth set 
of outputs 
29 = Blank 
30:33, Punch "H", “L", or “X** for the fifth set of 
outputs. 
34° Blank 
3538 Punch “H", “L". or “X" for the sixth set of 
outputs 
39 Blank 
4043 9 Punch “H", “Lor “X" for the seventh set 
of outputs 
44 Blank 
45 48 Punch "H", “Lor “X" for the eighth set 
of outputs. 
49 Blank 


50-51 Punch a right-justilied integer representing 
the current calendar day of the month 


§2 Blank 


5355 Punch an alphabetic 
representing the current month 


56 = Blank 
57-58 Punch the tast two digits of the current 

year 

59 Blank 


60-61 Punch “SN” 


62:66 Punch a left justified integer representing 
the Texas Instruments part number. This is 
supplied by the factory through a TI sales 


representative. 


67-68 Blank 


ORDERING INSTRUCTIONS 


69.80 


‘S270, ‘S370 


Column 
1.3 


8-80 
$271, ‘S371 


Column 
1-3 


10-17 


18 
19-26 


27 
28-35 


36 
37-44 


45-49 
50-80 


Preferably these columns should be 
punched to reflect the customer's part or 
specification control number. This informa 
ton is NOL essential. 


DATA CARD FORMAT (64 CARDS) 


Punch o right-yustilicd integer representing 
the binary input address (000-504) for the 
first set of outputs described on the card 


Punch o “= (Minus sign) 

Punch ao right-yustlied integer cepresenting 
the binary input address (007 511) for the 
tast set of outputs descobed on the card 


Same as the ‘187 cata card format. 


DATA CARD FORMAT (64 CARDS) 


Punch a nght-pustfied integer representing 
the binary input address (000-252) for the 
first set of Outputs described on the card. 


Punch a“ -"" (Minus sign) 
Punch a nightyustiied integer cepresenting 


the binary input address (003-255) for the 
fast set of outputs described on the card. 


Blank 


Punch "H", “L' of “X" for bits eight, 
seven, six, five, four, three, two, and one 
(outputs DO 8, DO 7, DOG, DO 5, DO 4, 
DO 3, DO 2, and DO 1 in that order) for the 
first set of outputs specified on the card. 


H = high-voltage-level output, Lb low: 
voltage-level output, X ~ output level 
irrelevant. 

Blank 


Punch “H", “L”, or “*X” for the second set 
of outputs 


Blank 


Punch “HH”, “L’*. or ““X" for the third set of 
outputs, 


Blank 


Punch “H”, “L", of “X" for the fourth set 
of outputs. 


Blank 


Same as the ‘187 data carcl format. 


benno musa 
TE cannot assume ony tesponbslity For any cirtusts shoen 
14 or tepiesent thar they are free from potent satungement 


TEXAS INSTRUMEHTS RESCRYES THE RIGHT 10 MAX( CHANG[S AT ANT TIME 
IN ORD(R 10 IMPROVE DISIGN AND TO SUPPLY THE BST PRODUCT POSSIBLE 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 50127 + DALLAS TEXAS 75222 


SCHOTTKY} 
TTL MEMORIES 64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


SEPTEMBER 1976 


© Static Fully Decoded Ram’‘s Organized as 16 SN54S 189, SNS4S289... JOR W PACKAGE 
Words of Four Bits Each SN74S189, SN74S72B9... JOR N PACKAGE 
(TOP VIEW) 
* Schottky-Clamped for High Speed: 
Read Cycle Time... 25ns Typical 
Write Cycle Time .. . 25 ns Typical mt 6 Yee 
® Choice of Three-State or Open-Collector Ss 2 Ss Al 
Outputs 
; w 3 14 AZ 
* Compatible with Most TTL and I2L Circuits 
* Chip-Setect input Simplifies External DL, 4 132, <A9 
Decoding Do 
DOI 65 12 O14 
description Oe 6 11 DOs 
B62 7 to 013 


These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) én. 6 9 003 
arrays organized as 16 words of four bits each. They 
are fully decoded and feature a chip-select input to 
simplify decoding required to achieve expanded 
system organization, The memories feature p-n-p input transistors that reduce the low-level input current requirement 
to a maximum of --0.25 miltiamperes, only one-eighth that of a Series 54S/74S standard load factor. The chip-select 
circuttry is implemented with minimal delay times to compensate for added system decoding. 


Pin assignmens ere same for all packages. 


write cycle 


The information applied at the data input is written into the selected location when the chip-select input and the 
write-enable input are low. While the write-enable input is low, the ‘S189 output is in the high-impedance state and the 
‘S289 output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither load nor 
drive the bus line, but it will aflow the bus fine to be driven by another active output or 2 passive pull-up. 


read cycle 
The stored information (compiement of information applied at the data input during the write cycle) is available at the 


Output when the write-enable input is high and the chip-select input is low. When the chip-select input is high, the 
‘S189 output will be in the high-impedance state and the ‘S289 output will be off. 


FUNCTION TABLE 
INPUTS ‘S169 ‘szao 
OUTPUT OUTPUT 


CHIP SELECT WRITE ENABLE 
a 
Complement of Data Entered Complement of Data Entered 
High impedance [SON 


FUNCTION 


Read 
inhibit 


H ..nigh level, L tow level, xX leeclevant 

t A 
PRELIMINARY DATA SHEET: integrated Schorky-Barrier diode- 
Supplementary data may be TEXAS INSTRUMENTS clamped transistor is patented by 
Published at a tater date. INCORPORATED Texas Instrument, U. S. Patent 


POST OFFICE BOM 5012 + CALLAS. TEXAS 75222 Number 3,463,075, 
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64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


functional block diagram 


“ 

5 

& 

2 

a 64-B1T MEMORY 
w MATRIX 

8 ORGANIZED 
< 


16-X-4 


9 WRITE ANDO SENSE 
AMPLIFIER CONTROL 


CHIP SELECT (8) 
READ/MRITE (¥i)- 


er 


patainpurse 9°? 
pra 
{ 
ola 
\ 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT "3188 OUTPUT $289 OUTPUT 


vec 
erwin: Vee 


yo 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 


.5.6V 


Input voltage 

Off-State output voltage So waa Gee Be » oo . 2 5.6V 

Operating free-air temperature range: SN54S‘ Circuits —55°C to 126°C 
SN74S’ Circuits hi AUS MES Ee. ike Lagyoigh CRP Avner aE 0°C to 70°C 

Storage temperature range Soe ee ee 65°C to 150°C 


2 RZ A FS 


TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOK S012 » DALLAS. TEMAS 75222 


64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


recommended operating conditions 


swsasiea _| __snsaszao_| _snzasioo_—i|suraszuo__ 


paar es safes 5 ss lars 5 sass 6 os 
High-level output voltage, Von eee a eee 


Higttevel output current, lon 
Lowtevel Output current, lot 


Width of write pulse (write enable 
fowl, tatwr) 


Address before write 
Bult. tsu(da) 
Data before end of write 
<i oi Ee ee ee 
Dulse, tsu (ga) 
hip-select before end of write 251 ee i Lee 
Bulse, tu (5) 


Chip-select after write ot Po fl 
bulsa, th('S) 


| Operating free-air temperoture, Ta 


j Setup 
ume 


| 
| hold 
{ume 
1 


ay i for the high-to-low 
t.Tna arrow indicates the transition of the writeenable Input used for reference: t for the low-to-high ransition, $ 
tranaltion, 


. i ted 
slectrical characteristics over recommended operating free-air temperature range (otherwise noted) 


PARAMETER 
Vin High-level input voltage 

Vit Low-level input voltage 

Vik, Input clamp voltage 

YOH High-level Output voltage 


VoL Low-level Output voltage oe Vo76.6 V fea | 


Vec= MIN, Vin=2V, penses_ [058 05 }__038 0 v 
OH High-level output current Vit 20.8V, lor = 18 SN74S [0.35 0.45 | 


lozy Off-state output current, Voc? MAX, Vine 2V, a) ja | 
high-level voltage applied Vit20.8V, VoH724V 

on arenes — Pea ek | 
low-level voltage applied VitsO08V, Vo, =04V 

) cap me vegeuaks easy ft | 


fix Hovietipatewrnt | Veena wisary ffs an 
[i Cowieverinpurcurrent | Vec=MAX, Vir05V | 
[tos “Shortrevit output ewes | Vec#MAX | 
fe eles ere a 


rating conditions. 
"For conditions shown as MIN or MAX use the appropriate value spacified under recommended operating 


tAlt wolcal values are at Voc = BV, Ta » 26°C. 
§Ouretion of the short clecult should not excesd one second, 


: k ground terminal. 
PETROS Vallee Matus fe eotecanea alebd chtpeaslazt Inpues grounded. Ail other Inputs at 4.5V, and the ourputs open. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOM 5012 ¢ DALLAS. YEXAB 78222 
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64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


‘S189 switching characteristics over recommended operating ranges of TA and Vcc (unless otherwise noted) 


[| __snsasias | sw7asieo | 
PARAMETER TEST CONDITIONS onesie SN7aS 182 UNIT * 
TyPt MAX| TvP? MAX 


ta(ad) Access time from address CL = 300F, | 25. 35 | 


z Access time from chip select R,_ = 3002 
a(S) lenabie time) See Note 3 


12 7 
ISR Sense recovery time | 22 35 | 

oe 
KZ Disable time from high or low level RL = 30022, aa 


a 
[ns 


‘$289 switching characteristics over recommended operating ranges of TA and VCc (unless otherwise noted) 


N54S28! SN74S289 
PARAMETER TEST CONDITIONS cl : 7 UNIT 
TYP? MAX |TYPt MAX 
lated) Access time from address CL*30pF, 


ta(S) Access time trom chip select (enable time) Ri1 = 3002, | 12 17 | 
RL2 = 600 2, | 2236 | 


12 17 
Propagation delay time, low-to-high-level See Note 3 12 17 
output (disable time) | 12 28 | 


Tan ryplicel values ore at Veg * 5 V. Ta = 25°C 


NOTES: 3. Loadcircult and voltage weve forms are shown in Appendix A, page 44. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5017 » DALLAS. TEXAS 75222 


SCHOTTKY} 
TTL MEMORIES 256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


NOVEMBER 1976 


* Static Fully Decoded RAM‘s Organized as SNS4LS200A, SNS4LS300A 
: SN54L$202, SN54LS302 
256 Words of One Bit Each SN54S200A, SN54S300A. . J OR W PACKAGE 
® Schottky-Clamped for Hi VSS ET 
y p or High Performance SN74L$202, SN74LS302 
¢ Choice of Three-State or Open-Collector SN74S200A, SN74S300A. . JOR N PACKAGE 
Outputs (TOP VIEW) 
* Compatible with Most TTL and I2L Circuits “ 
aoi1 1% Yeo 
* Chip Enable/Select Inputs Simplify External rae ‘sad 
Decoding 
2 Evs1 3 1a aT 
© Typical Performance: : C 
€2S2 ¢ 13 oF 
READ ACCESS POWER uss pied 
TIME Diss. de Wt AS 
$N74$200A/°S300A IO ns 500 mW 
SN54S200A4/'S300A 30 ns 500 mw aed aa 
SN74LS200A/'LS3004 GRD 6 9.4 


35 ns 275 mW 
S'54LS200A/'LS300A 
$N74LS202/°LS302 275 mw 
$§5415202/'LS302 35 ns 
$202/'LS$302 (65 as 


description 


ty are wane for al vacnazen 


fom aie 


Ei. E2, E3, = Chip- Enable for ‘L$202, 'LS302 
$1, S2, S3. = Chip - Select for ‘LS200A, 'LS300, 
"$200A, ‘S300A. 


These 256-bit active eiement memories are monolithic transistor-transistor logic (TTL) arrays organized as 256 words of 
one bit. They are fully decoded and have three chip-enable/select inputs to simplify decoding required to achieve 
expanded system organizations. When the ‘LS202/’LS302 is disabled, all read and write functions are in a power-down 
Mode, that is, turned off. 


write cycle 


The information applied at the data input is written into the selected location when the three chip-enable/select inputs 
and the write-enable input are low. While the write-enable input is low, the ‘S200A, ‘LS200A and ‘LS202 outputs are in 
the high-impendance state and the ‘S300A, ‘LSJO0A and ‘LS302 outputs are off. When a number of outputs are 
bus-connected, this high-impedance or off state will neither load nor drive the bus line, but it will allow the bus line to 


be driven by another active output or a passive pull-up. 


read cycle 


The stored information {complement of information applied at the data input during the write cycle) is available at the 
output when the writeenable input is high and the three chip-enable/select inputs are low. When any one of the 
chip-enable/select inpts are high, the ‘S200A, ‘LS200A, or ‘LS202 outputs will be in the high-impedance state, the 
S300A, LS300A, or LS302 outputs will be off, and the ‘LS202 or ‘LS302 will be in a power-down mode. 


a 


as DESIGN GOAL Tint id Schortky-Barrier diode 
is documont provides tontative Information it choked pie) Reacld SB 
On 8 product in the developmental stage. Texas TEXAS INSTRUM ENTS clamped transistor is patented by 
Instruments reserves the right to changs or ka cantatas TEXAS 75222 ee eee rene Parent 
ditcontinue this product without notice. nosT.orrice BOR SI cS a orale ees 
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256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


FUNCTION TABLE 


*S200A “S300A 
INPUTS ‘ 
= “LS2004 LS300A 
FUNCTION CHIP ENABLE (Ei) WRITE ENABLE 


“LS202 *LS302 
OR SELECT (Si) — 
OUTPUT (00) OUTPUT (00) 


a ee 
i Date Entered Data Entered 


H = high level, L :- low level, X ~ urrelevant =Forchin enable select. L all Ei or Si inputs tow, H one or more E| or SI inputs high 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT ‘200A, “LS200A, ‘LS202 OUTPUTS ‘SIOOA, "LS300A, 'LS302 OUTPUTS 


“ce 


~ = - eee 


OuTPuT 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage, Vcc (see Note 1) aw : ar Be AE xen Bes EN, 
Input voltage * ‘ oy ES ‘ coe ee ee 2 BV 
Off-State output voltage Soe: Me Ea Ge ae tas ey Rs ENV: 
Operating free-air temperature range: SN54S" and SNSALS’ Circuits ms Note 2) . oe... 655°C to 125°C 

SN74S' and SN74LS’ Circuits — oe oe OPC to 70°C 


Storage temperature range Soe eee ke ee ew BEPC to 150°C 


NOTES: 1. Voftage values are with respect 10 netv.ork ground terminal. ec 
2. An SN54S2004 or SN54S3004 in the W package operating ot free-air temporatures above 104 C requires a haat sink that provides » 
thermal resistance from caro to freaair. AQc ag. of NOLMoro than 3B C/W. 


a 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE GOA 4012 + OALLAS. TCXAS 75222 


256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


‘recommended operating conditions 


[—susassooa | swraszooa | _sw7asooon_[ 


SNS4S2004 
MIN NOM MAX 


| 
——___ 
| Supoty Voltage, Voc (see Note 1) 


High-level output voltage, Von 


High-level output current, OH 


Lowdevel output current, OL 
-——_—__—_—_ 


1 Maidtn of write pulse (write enable low), 
Male) 


Address before write pulse, 
byulad) 

! Setup| Data before end of write pulse, 
1 time | tsu{da) 

Chip-select before end of write 
Bulse, ts (5) 

Address after write pulse, thlad) 


Hold | Data after write pulse. thiga) 
time | Chip-select after write pulse, 


Overating tree-air temperature, TA 
iSee Note 2) 


— 


{ Supply Voltage. Vcc (see Note 1) 


[aarage level output voltage, “LS300A, 
st5902 


rr output current, Io 


Width of write pulse (write enable low), 
twiwr) 


Address before write pulse, po | 
'sulad) 
Data before end of write pulse, for fm 
‘wu(da) 


Faerie tus (8 eae | 
Address after write pulse, th(ad) Lr rid 
Data after write Pulse. 'hida) [0h yes Pa ee =| 

th(E) teu (S) 

Operating free-air temperature, Ta [-36 125 | 


“LS202 


inal. 

" ect to network ground term 

OTES: : Peprenprrcnis esesoan in the W Package operating st trovaly temperatures shove 104° C requires a heat sink that provides a 
or 


ihermal realstance from care to freesir, Ag cA of nat more than 38 


TEXAS, INSTRUMENTS 


CORPORATED 
POST OFFICE BOX SOLA + CALLAS. TEXAS 75222 
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256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


electrical characteristics over recommended operating free-air temperature range (otherwise noted) 


PARAMETER 
MIN TYP MAX | MIN TYP MAX 


ViL Low level input voltage ~ 4 


TEST CONDITIONSt 


ViK Input clamp voltage Vec- MIN, 1, = -1BmA 


- High-level Vec= MIN, Vin =2V, 4 
on Output voltage Vit 7 08 Vv, lon = MAX : 
Vec* MIN, = Vin= 2, 


output voltage 
High-level 


Olf-state output current, 


Vit = OB V, 
Vec © MIN, 
Vit 7 OBV 
Vee- MAX, Vinz2V. 
Vip = OB V. 


lot = MAX 


'ozH 


high-level voltage applied 


Off-state oulput current, 


i) 
ozt low-level voltage applied 


Input current at maximum 
input voltage 


Higt-level input current 


Low-level input current Vee = MAX, 


Vcc 7 MAX 


Vy 0.5V —250 —251 


tos Short-circuit output currents 


lec Supply current 


PARAMETER 
ViH High-level input voltage 
Vit Low-level input voltage 
Vik Input clamp voltage Vcc = MIN, 1 
High-level 
VOH 
Output voltage 
Low-level 
Vou 
Output voltage 


High-level 


Vcc = MAX, 


x 


“LS200A 
*LS202 


‘LS300A 
“LS302 


lon Vec = MIN, 
output current ViL=0.8V 
high-level voltage applied Vit =O8V, VoH®? 2.4 V 
lozt Off-stale output current, Vec®? MAX, Vin=2V. 
low-level voltage applied Vit 2 08 V, VoL =O05V 


input voltage 
Veo = MAX 


lee Supply current — Power up Vec = MAX, See Note 3 


i P di Vv MAX CE°2.4V eek 
lec Supply current — Power down cc ’ 5 “Ls302 


1 Fer conditions show MIN or MAX use the appropriate value specified under recommended oporating conditions. 
‘Theso typical values are at Vcc 7 SV, Ta = 26 C. 

ion of the short circuit should not exceed o: 

‘ed with all Inputs grounde 


o 
w 
~ 
i=} 
wi 
o 


a 
~) 


jecond. 
ind the Output open, 


TEXAS INSTRUM ENTS 


INCORPORATE 
POST OFFICE GOX S012 + DALLAS. TEXAS 75272 


256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


‘382004, ‘LS200A switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


{ Yaled) Access time from address 
Access time from chip select 
(setect time) 


CL =30pF, 
Ry = 400 82, 
See Note 4 


CL -=5SpF, 
RL = 4002, 
See Note 4 


Disabte time from 
high or low level 


‘S300A and ‘LS300A switching characteristics over recommended operating ranges of TA and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Access time from address 
Access time from chip enable 


Cy 7 30pF, 
(enable time) t F 


Ry1 7 3001, 
Ri2= 6000, 
See Note 4 


Sense recovery time 
Propagation delay time, 
low-to-high-level output 
{disable time) 


‘LS202 switching characteristics over recommended operating ranges of Ta and Vcc 


(unless otherwise noted) 
SNS4LS202 | SN74LS202 

PARAMETER TEST CONDITIONS TyPt MAX {TYP MAX 
CL = 30pF, ee eee ee 


Safad) Access time from address 
AL < 400n, 


See Note 4 


ty (E) Access time from chip enable (enable time) 


'sR Sense recovery time 


Disable time from high or low level 


TePD Chip power-down time Sea Figure | 


TAN typical volues are at Veo ™ SV, Ta = 25°C. 
NOTE: 4. Load cireult and voltage waveforms are shawn In Appendix A, page 44. 


LD 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE GOK 3012 + DALCAS. TEMAS 75332 


256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


*LS302 switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


SNS4LS302 
PARAMETER TEST CONDITIONS 
wel MAX | TYP? MAX 
‘3tad) Access time from address | 35 | mv _| 
= - CL = 1S pF. 
a = Ru = 40022, 
'SR Sense recovery time a 
RAL2= 6002 
Propagation delay ume, [20 f 20 
Fe = See Note 5 
lovweto-high level output {disable time) From W 
Chip power-down time {lec < 38.5 mA) | See Figure 7 ns | 


TAIL typical values are at Voc 7 5 V, Ta = 25°C. 
NOTE: 5. Load circuit and voltage waveforms are shown in Appendix A, page 44 


eh av 
CHIP ENABLE 1SV 15v 
fl ov 


j++ 'eP0 


| | POWER-UP 
SUPPLY CURRENT t \ \ / 
i eres 


wy het xz | 


oY ——- ta (E) 7 
DATA OUTPUT ~ ~f  7 | i 
| wae error 15V 
('LS202) osv ¥ 


= I VY —  —--vo. 
y—_s = 


POWER-DOWN 


DATA OUTPUT 
(‘LS302) 


FIGURE 1. POWER-DOWN WAVEFORMS 


ees 


PUINTED IN US a 


Ti conned qusume ony ‘erponsebelety for ony circu, thew 
TEXAS, INSTRUM ENTS oF eeprevent thar they ore Here I19m POFERT intringemeny 
INCOHPORATED 
POST OFFICE BOX 5012 + DALLAS. TEMAS 75222 TCXAS INSTRUMENTS RESERVES TRE RIGHT TO MAKE CHANG! 
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SCHOTTKY} 
TTL MEMORIES 1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


OECEMBER 1976 


SN54LS214, SNG4LS314 


© Static Fully Decoded RAM’s Organized 1024 SNS4LS215, SNS4LS315 
Words of One Bit Each SN54S214, SNS4S314 . . . J PACKAGE 
¢ Schottky-Clamped for High Performance SN7ALS214, SN74LS314 
SN74LS215, SN?74LS315 
e Choice of Three-State or Open-Collector SN74S214A, SN74S314A 
Outputs SN74S214, SN74S314 . . . J OR N PACKAGE 
(TOP VIEW) 
e Compatible with Most TTL and 12L Circuits ER 
: Pas ' 16 Vcc 
© Chip-Enable/Select Inputs Simplify External Ao 2 15 Dl 
Decoding Al 3 1460 
© Typical Performance A2 4 19 A9 
AI 5S 12, AB 
sc aes READ POWER aa 6 AVAL 
ACCESS TIMES | DISS oo 7 10 AG 
SN7ASZIGATSITGA | 3008 | 580m GND 8 oA 
SN74$214/'S314 Pin assignments are same for all packages. 
SN54$214/'S314 E = Cnip-Enable for “LS215, ‘LS315 
5 S = Chip-Sefect for ‘LS214, °LS314, ‘S214, ‘S314 
SN74LS214/°LS314 matan eniaa 


SN54LS214/'LS314 
SN74LS215/'LS315 
SNS4ALS215/‘LS315 
"LS215/°LS315 
POWER DOWN 


description 


These 1024-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized as 1024 words 
of one bit. They are fully decoded and have a chip-enable or chip-select input to simplify decoding required to achieve 
expanded system organizations. When the ‘LS215/’LS315 is disabled, all read and write functions are in a power-down 
mode, that is, turned off. 


write cycle 


The information applied at the data input is written into the selected location when the chip-enable/select input and 
the write-enable input are low. While the write-enable input is low, the 'S214A, ‘S214, ‘LS214, and ‘LS215 outputs are 
in the high-impedance state and the ‘S314A, ‘S314, ‘LS314 and ‘LS315 outputs are off. When a number of outputs are 
bus-connected, this high-impedance or off state will neither load nor drive the bus line, but it will allow the bus line to 
be driven by another active output or a passive pull-up. 


read cycle 


The stored information is available at the output when the write-enable input is high and the chip-enable/select input is 
low. When the chip-enable/select Input Is high, the ‘S214A, ‘S214, "LS214, or ‘LS215 output will be in the 
high-impedance state, the ‘S314A, $314, LS314, or LS316 output wilt be off, and the ‘LS215 or ‘LS315 will be ina 
power-down mode, 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


FUNCTION TABLE 


S214A ‘S314A 
INPUTS 3214 S314 
FUNCTION CHIP ENABLE {E) WRITE ENABLE “LS214 “LS314 
OR SELECT (3) tw) “LS215 "LS315 
OUTPUT (DO) OUTPUT (DO) 


a eS 
[ee Sires nts Sire ate 
a 


MH = high level, L — low fevel, X = irrelevant 


schematics of inputs and outputs 


“S214A, ‘S214, "S314A, ‘$314, 
*L$214, ‘LS215 OUTPUT *LS314,‘LS315 OUTPUT 


EQUIVALENT OF EACH INPUT 


vee --+- —eVYec 


Now 


OuTPur 


OutPur 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) en See $e eae! Soe ey Ge ee” ee Ee ee ae tee SEV 
Input voltage . . . . . . fo nak oO a Be KOE oe AO bod Poe ee ee 
Off-State output voltage We Bee AE ae Ta he! ao ce) Ge gt Re ae ee eh ee 
Operating free-air temperature range: SN54S’ and SN54LS’ Circuits Cone ee ee ge 55°C to 125°C 

SN74S’ and SN74LS’ Circuits Loe ee eee ee OPE to 70°C 
Storage temperature range Se ee ee ee ee ee ee ee we 4 BEPC to 180°C 


NOTE: 1. Voltage values are with respect to network ground terminal. 


a a 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


eC 


‘S214A, ‘S214 recommended operating conditions 


[open Voliege, Veg terNeetS Y 


Supply Valtage, Vcc (see Note 1) 


High-level output current, 1oy 


Oata betore end of write Pulse, 


'sufda) 


| Operating free-air temperature, Ta 


‘S314A, ‘S314 recommended operating conditions 


‘SN54S314 SN74$3144 t SN74S314 


[MIN NOM MAX| MIN WOM MAX [MIN NOM Ax 
Supply Voltage, Vcc (see Note 1) pas 5 55] S7e2 <2 2a AS = = - 
High level output voltage, VOH ea aos 
Lovelevel output current, IOL [CG gg rile 
‘sg ’ 

Vaidin of write pulse (write enable low), tw(wr) 55 38 i = = 

Address before write pulse, ty(ad) ee ade . 
Setup Got 40° ; 6 z 
Ne Data betore end of write pulte, tzu (da) : = 

Chip select before end of write pulse, tsy(S) sor a0: : 
' iota Aacress ufter write pulse, th(ad) [| sd ; 
iim Data after write pulse, thida) pst ‘ 
a : 

Chip welect after write pulse, th(S) [st > =) - o Tie 
Operating freea.: temperature, Ta [-s5 128 | 


{ oe 
PUNT | 


waiter, « for Me high to-low 
1. The arrow indicates the wansition fram the read/write Input used for reference: t for the lowtohin Ud 
transition. 


NOTE: 1. ‘Voltage values ore with respect to network ground terminal. 


en STS 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


*LS214, ‘LS314, ‘LS215, ‘LS315 recommended operating conditions 


SNS4LS314 SN74LS314 SN54L8315 SN74LS315 
[MIN NOM MAX | MIN NOM MAX] MIN NOM MAX] MIN NOM MAX| 
a5 5 sm ]as 5 475 


Higt-level output voltage. Vou esata, 
$315 

: 214, 
High-level output current, Io S215 


Low-level output current, lor 


UNIT 


Width of write pulse (write enable low), 


twlwr) 


Address betore write pulse, 


'suled) 
Oata before end of write pulse, 


'su(da) 
Chip-select/enable belore end 


of write pulse, tgu(E). sulS) 
Address after write pulse. thi gg) 


Data after write pulse, thida) 


Chip-telect/enable after write pulse 
thE). tiS) 


Operating free-air temperature, Ta 


‘S214A, ‘S214, ‘S314A, ‘S314 electrical characteristics over recommended operating free-air 
temperature range (otherwise noted) 


PARAMETER TEST CONDITIONS* =e |_‘s214,'s3i4_J. 
MIN TYPt MAX |MIN TYP? MAX 


Vit towieval input volioge Pe ee 

Vine Inout clo vlan Veg= MN = 18 mA ge Sa a ve 
High-level Vec= MIN. Vin=2V, [Snes | Fa 3a Fa 3a 

Vou Lo cc 1H Vv 
output voltage Vit = 0.8 V, lon = MAX | SN74S° 24 29 } 24 29 | 

VoL cc IH ¥ 


output voltage Vice O08 V, lor = MAX | SN74S° 
High-level Veo MIN, Vin =2V, | Vor2.4V 


Output current Vit 2 08V Vo75.5 Vv 


' Off-tate output current, Veco = MAX, Vie 2V, 
OZH | igh-tevet voltage applied VIL 2 08V. Voy = 2.4V 
2 eral p-sofon 


\ ate Output current, Voc = MAX, Vin = 2, 
oz 


L low-level voltage applied Vit 2 08V, VoL =05V 


Input current at maximum 
input voltage 


TF or conditions shown as MIN or MAX use the eppropriate value specified under recommended operating conditions. 
Those typical values atVeo* 5 V, Tae 28 Cc. 
§Ouration of the short circult should not exceed one second. 
NOTES: 1. Voltage values are with respect to network ground terminal, 
2. lec Is mea d with all Input grounded and the output open. 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


output voltage 


Low-level 


Output voltage 
High-level 


output current 


Off-state output current, 


high-levei voltage applied 


Off-state output current, 
'o2u 


Short circuit Output currente! 


'os 


temperature range (otherwise noted) 
‘LS214 *LS218 
PARAMETER TEST CONOITIONSt ‘LS314 ‘LS316 
MIN TYP? MAX |MIN TYP! MAX 
Vit Low-level input voltage 
Vik Input clamp voltage Voc = MIN, Iy=—1B mA i) 
Veco > MIN, Vin = 2V, 
ViL + 0.8 V, Ion * MAX 
Vit = 0.8 V, ton = MAX ee 
"08314, [Vee = MIN, Vin=2V, [Vo=24V 
"ts315 | vil =08V Vo75.5 V 
"LS214, | Voc = MAX, Vin = 2V, 
low-level voltage applied “LS215 | Vit =O08V, Vo_=905V 
eat ne enc bh ' pia is ee a ee cd 
input voltage 
fies Carel apa aren Veg «MAX. Vi= 05 se 
tas-serc] sf 
Tarmax [sf 
“LS215 = 
'cc Supply current — Power down Vec * MAX, E#2.4V ja | 
"LS315 
These typical values are ot Voc * 5 V, Ta = 26 C. 
§ Ouration of the short circult should not exceed one second. 


‘LS214, ‘LS314, ‘LS215, ‘LS315 electrical characteristics over recommended operating free-air 
Vin High-level input voltage fee ee aS ee 
High-levet 
Vee 2 MIN, Vin = 2V, 
*LS214, | Voc = MAX, Vin = 2V. 
“LS215 [Vj = O8V, VoH224V 
tee Taaveuen Veo + MAX, SeeNote? [Tac | sf a —id 
‘For conditions shown as MIN or MAX use the oppropriete value specified under recommended operating conditions. 
NOTE: 2. log Is measured with all inputs grounded and the output open. 


‘$214, ‘LS214 switching characteristics over recommended operating ranges of Ta and Vcc 
(uniess otherwise noted) 


Test | sneasai4 | sn7vaszi4a| sn7aszi4 | snsaszi4 | sn7aisz14 
PARAMETER UNIT 
CONDITIONS | TYP? MAX Typt MAX| TYP? MAX] TYP? MAX] TYP? MAX 


— Access time from chip select L 
'el5)(gatect time) RL = 4000, 
ime 
See Note 3 


shown In Appendix A, page 44. 


CL=5pF, 
AL = 4002, 
See Note 3 


Olsabte time trom 
high or low tevel 


TAN typical values are at Voc = 5 V. Ta * 28°C. 
NOTE: 3. Load circuit and voltage waveform: 
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1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


‘$314 and ‘LS314 switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


TEST 
PARAMETER = 
CONDITIONS |TYP+ MAX |TYPt MAX |TyPt MAX |TYPt MAX | TYP? MAX 
lated) Access time from address 76 } 30 = 45 | 4070 | 7s 140 75 


Access tne from chip select 


CL - 300F, 


ik 
AS) (select ume e 300 #2 
ul ‘ 


Propagation delay time, 
See Note 3 
tpLH = low to-high-level output 


(disable time) 


Fai) typical values are at Veco "SV, TA 7 25°C 


‘LS215 switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


PARAMETER T TEST CONDITIONS 


latad) Access teme from address CL- 15 pF, 
1a} Access tyme from chip enable (enable ume) Ry ~ 400 22, 
Sense recovery time See Note S 
: Cc SopF, 
A from E t 
IpxZ Disable time from high or tow level Riy | 40022, 


tEPD Chip power-down nme 


‘LS315 switching characteristics over recommended operating ranges of Ta and Vcc 
{unless otherwise noted) 


See Note 3 


lalad) Access time trom addrets 
ta(E} Accass time from chip enable (enable timel 


CL- 1SpF, 
Rey: 400.42, 
AL2~ 60012. 


isR Sense recovery time 


Propagation delay time, 
'PLH . e A See Note 3 
low-to-high level output (disable time) 


tePpo Chip power-down time See Figure 1 


tai typical values are at Voge * SV. Tas 25°C 
NOTE: 3. Load circuit and voltage waveforms are shown In Appendix A, page 44. 


(ae Oe ee 3v 
CHIP ENABLE 15V 1svV 
ov 


ft 'ePD 
1 ] POWER-UP 
SUPPLY CURRENT a a a a ae 
U2 Se eae ae Se SS POWER-DOWN 
ey be ip z i} 
1d mar fl 'aiCE) 
: 4 v 
DATAOUTPUT” BT | Lisv on 
i Sv Se ae a ge - 
(L215) ov ¥ a 1 we ee ee Vo 
J ! 


DATA OUTPUT 
(*LS318) 


FIGURE 1. POWER-DOWN WAVEFOAMS 
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SCHOTTKY} 


MEMORIES 1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 
i SNS-4LS207,SNS545207 ... GE 

e Static Fully Decoded RAM’s Organized as 256 pppellpiguccts _ TAN PAeNaeE 
Words of Four Bits Each (TOP VIEW) 

© Schottky-Clamped for High Performance ADG 1 16 Vee 

e Edge-Triggered Write Control ADF 2 15 ADH 

e ‘S207 Data and Address are Same Pins as 1K PROM’s ADE 3 14 W 
(SN54S287, SN74S287, SN54S387, and SN74S387) ADD 4 13 OE 

© High-Density Dual-in-Line Packages have Pin-Row ADA 5 12, WOT 
Spacing of 0.300-Inch ADB 11 02 

e Three-State Output for Driving Bus-Organized ADC 7 10 03 
Systems and/or Highly Capacitive Loads GND 8 9 104 


Compatible with Most TTL and I2L Circuits 
Typical Performance: SNS4LS708,SNS4S208 ... J PACKAGE 


SN74LS208,SN74S208 ... J OR N PACKAGE 
POWER (TOP View) 


waite | reao | oss. 


$N54$207/'S208 ADA. 20 Vee 
SN54L$207/°S208 ADB 2 19 DI4 
ee 18 ADH 
description Avie 
ADD 4 17 W 
These 1024-bit active-element memories are mono- DI3 5 16 OE 
lithic transistor-transistor togic (TTL) arrays orga- ADE 6 1S DO4 
nized as 286 words of four bits cach. They are fully 
2 ee 4 003 
decoded with output enable inputs to simplify ADE q ' 
decoding required to achieve the desired system ADG 8 13 002 
organization. Read and write times are virtually DI2 C) 12 001 
equal, which simplifies control implementation. GND 10 11 N11 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


Veo —~--———--——-- 


ouTPuT 


write cycle 


While the output-enable input, OE, of the ‘LS207, ‘S207 is high, data applied to the input/output (I/O) is written into 
the selected location on a positive transition at the write input. Information at the data input of the ‘LS208, ‘S208 
memory is written into the selected location on a positive transition at the write input regardless of the state of the 
output-enable input. While the output-enable input of either is high, the output is in the high-impedance state. When a 
number of outputs are bus-connected, this high-impedance output state will neither load nor drive the bus line, but it 
will allow the bus lina to be driven by another active output or a passive pull-up if desired. 


read cycle 


The stored information is available at the output when the output-enable input is low. 


OESIGN GOAL 
This document provides tentative infor- 


mation on a product in the develop- TEXAS INSTRUMENTS Tintegrated = Schottky-Barrier — diods- 
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the right to change or discontinue this POST OFFICE BON SOLZ © CALLAS. TERAS 75322 pia U. S. Patent Number 
product without notice. 3,463,975. 
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1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 


"LS207, ‘S207 functional block diagram 


ADDRESS INPUTS 


OUTPUT ENABLE 


OUTPUT 


DATA I/O 
BUFFERS 


ADDRESS 1024.81T 
DECODE/ STORAGE 
BUFFERS ELEMENT 


WRITE 
FUNCTION TABLE 


FUNCTION WRITE | eNABLE | OUTPUTS 


WRITE ' ; : H Hi-Z (USE AS DATA INPUTS) 
READ | Hort ! L DATA ADDRESSED 


OO NOTHING 
H RIGH,L- LOW. 7 LOW TO HIGH TRANSITION 


Hi-Z 


‘LS208, ‘S208 functional block diagram 


ADDRESS iNPUTS 


OUTPUT ENABLE 


AODRESS 
OECODE/ 
BUFFERS 


1024.B1T 
STORAGE 
ELEMENT 


OUTPUT 
BUFFERS 


DATA OUTPUTS 


WRITE 
BUFFERS 


\ , WRITE 


DATA INPUTS 
FUNCTION TABLE 
[nea Sd Sor id tid CTA ADORESSECD | 
D0 NOTHING Hort FST SE (2 
WRITE ONLY [tt | wR fow2 


H = HIGH, L = LOW, f= LOW-TO-HIGH TAANSITION 
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1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (untess otherwise noted) 


Supply voltage, Vcc (see Note 1) Loa , ~ ee oY a . 7V 
Input voltage . . Sn eee &. Oe 3 ae -5.5V 
.5.5V 


Off-state output voltage OPER Bete ce neh we Se De. eS oe ee toe ee 

Operating free-air temperature range: SN54LS‘,SN54S .....2.2.2.~. -55°C to 125°C 

SN74LS’,SN74S. 2. 2. 7 Ww . . 0°C to 70°C 

Storage temperature range Bgl Ee ta" eee ite. F . . ae . —65°C to 150°C 
NOTE 1: Ail voltege values are with respect to network ground terminal. 


‘$207, ‘S208 recommended Operating conditions 


UNIT 


a 


Supply voltage, Voc 
High-level output current, 10H 


Low-level 
evel output current, lor 


Post ft 


Width of write pulse (high), twiwr) 


‘see Figures 3and 4) [Data before write, tsu(da) ot Fm | 
r= [ossar oan  e g ae —ST—feag———egs 
Hold time Address after write, ty{ag) (see Figures 3 and 4) | ast 
Data alter write, thiga) (see Figures 3 and 4) ast 3st 


Operating free-air temperature, Ta (see Note 3) 


Tne arrow indicatas that tho rising transition of the write input is used for reterence 


‘S207,’S208 electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


VIL Low-level input voltage 


Vik Input Clamp voltage Voc = MIN, ty = -18 mA =1.2 
isiewas pee a2 fv | 


Vec = MIN, 
VOH High-level output voltage on osv lon * MAX 24 3.4 
1179.8 V, 
Vec ® MIN, Vin 2, 
NOES Seenieiel otiraut deliohe Aes 08V, Igrstéma 
1120.8 V, . 


high-level voltage applied Vo22.4V 
Off-state output current Vec= MAX, Vin? 2V, 
oz low-level voltage applied 


! 
VypsS5.5V 


fcc Supply current ee 
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1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 


‘LS207, ‘LS208 recommended operating conditions 


SNS54LS° 
MIN NOM MAX 


SN74LS aay 
Supply voltage, Voc 45 5 55 | 475 5 5.25 


Low-level output current, TOL wf 6 Tima | 


Width of write pulse (high), tw(wr) ast 25t 
Satup time Address before write. tpy(ad) zh ot 
Data before write, tgi(da) | ot ot 
SE 


Address after write, th(ad} (see Figures 3 and 4) 


Data after write, thiga) (see Figures 3 and 4} 
Operating free-air temperature, Ta {see Note 3) -55 125 


1 The arrow indicates that the rising transition of the write input is used for reference 


‘LS207, ‘LS208 electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


PARAMETER 


SNS4LS SN74L5° 
TEST CONDITIONS* UNIT 
st:C0) 7 MIN TYP} MAX | MIN TYPt MAX fence | 


a een ee ee 
ee as eT a 
=13 
Vit * 08 V, lon 2 MAX 
Vit 2 08 V, lol = 16 mA 
Be : i a 1 ee Fg 
ia Off-state output current Vec* MAX, Viye2V, fan | 
low-level veltope sppied Vo=05V [80 0] 


: Vin High-level input voltage 
Vin Low-level input voltage 
Vik Input Clamp voltage 


VOH High-level output voltage 


Vor _ Low-level output voltage 


Off-state output current 


los Short-circuit output current § Veco = MAX 


*LS207 
Vv, 2° MAX N 
Joc Supply current cc . See Note 2 


TE or conditions shown as MIN or MAX, use the appropriate velue specified under recommended operating conditions 
Fait typical values ore at Voc = 6 V. Ta = 26° C. 
§ Duration of the short-circult should not exceed one second. 
NOTES: 1, All voltage values ere with respect to network ground terminal. 
2. lec Is measured with the write Input high, output ensble Input grounded, sii other Inputs at 4.5 V, snd all outputs open. 
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1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 


switching characteristics at Voc = 5 V, Ta = 25°C 


"$207, ‘S208 | ‘LS207,'LS208 
; | -s207,'sz08| 
ARAMETER TEST CONDITIONS Tye MAX 
CL 230pF, Ry +3002, Ce ee ees Eee 


See Figures 1 thru § 


Disable time from high or low CL°SpF, Aly 300Q, 


level (see Note 4) | fromw_ | See Figures 3 and S 


$This parameter defines the delay far the !/O port to enter the Input mode. 


PARAMETER MEASUREMENT INFORMATION 


s1 
TEST 


T 
POIN Ry ° 100% 


FROM OUTPUT 
UNOER TEST 


yan 


$2 


Cy includes prone and 119 capacitance 
All deoaey are 1N3064 


FIGURE 1 — LOAD CIRCUIT 


Fes 3Vv 


ADDRESS INPUTS 15V 15V 
(soe Note A) Ly | ;-—- -—--- ov 


~~ baci | ff ea Sie 


OUTPUT 
{S1 and $2 closed) 
= Vou 


FIGURE 2 — ACCESS TIME FROM AODRESS INPUTS 
VOLTAGE WAVEFORMS 


NOTE A, When measuring delsy times from eddress Inputs, the oumut-enabie end write inpute are low, 


ee eee. === 
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1024-BIT EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 


SS SS SS SS ae Seay 
ADDAESS INPUT + % 
oN ies ee ees ea ats yj —--- ve -- ov 
ce epee Paclinror arated t 
wi ay 
1 
OUTPUT ENABLE sv = sv 
: pe de) ov 
; twten poo} I 
------- 3v 
WRITE INPUT | svi ! 
1 ! ov 
—etteHz i- tniaa) 
INPUT/OUTPUT in Tos On ey tsica) C. os vate) 
(Previously H.then L} osv ; oR: i =) Pa 
Vv OL 
Ft tices | ¥ 
INPUT/OUTPUT on wlteuz Fe. 24v | r nay, on 
hen H) aie » 
(Previousty L then a as = Vou FO tniaal 


FIGURE 3 - ‘LS207, 'S207 WRITE AND READ VOLTAGE WAVEFORMS 


av 
ADDRESS INPUTS 
Ov 
3v 
DATA INPUTS 
NN. - -—ov 
av 
WRITE INPUT 
ov 
Vou 
OUTPUT WAVEFORM 1 | 15V 
{Storing High) ! , Vou 
K— twee 
' vi 
OUTPUT WAVEFORM 2 1.5V a 
{Storung Low) : Vv 
Ou 


FIGURE 4 — ‘LS208, ‘S208 WRITE WHILE READ VOLTAGE WAVEFORMS (OUTPUT ENABLE IS LOW} 


jv 
OUTPUT ENABLE 


(Swe Note B) 


WAVEFOAM 4 | ! ee 
ANE i sv ! osV 
(S1 closed, $2 open, wwe Note C) ££ 

| = VoL 


| 
i \ | aca 
108-4 | 
t _-— t — v 
WAVEFORM 2 1 a 2 ee 
(S1 open, $2 closed, see Note C) 1%. tt osv 
ov 
—~ i nz 


FIGURE 5 — ACCESS (ENABLE) TIME AND DISABLE TIME FROM OUTPUT ENABLE 
VOLTAGE WAVEFORMS 


NOTES: 6. When maasuring deley times from the output-eneple Input, the sdaress input are steady-state and the wrlite/read Input Is low, 
C. Waveform 1 is for the output with internal conditions such that the output fs low except when disabled, Waveform 2 Is for the 


output with Internal conditions such that the output Is high except when disabled 


D. Input waveforms are supplied by the pulse generators having the following cherecteristica: tr < 2.6 ns, t¢ < 2.5 55,PRA <1 MHz, 


and Zour @ 502. 


SSS SSS 


Vi tonne otsume ony sesponsedility Tor ony cicuits shown 
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BIPOLAR SN54S400, SN74S400, SN54S401, SN74S401 
MEMORY 4096-BIT STATIC RANDOM-ACCESS MEMORIES 


JULY 1976 


18-PIN CERAMIC AND PLASTIC 
: DUAL IN-LINE PACKAGES 
© Fully Static Storage (ToP view) 


© High-Density 18-Pin Package 


© Organized as 4096 Words of 1 Bit Each 


© Synchronous Operation with Latched Output Data vec 
¢ Symmetrical Read/Write Performance an 
© Single 5-Volt Supply 10 
¢ Fully TTL Compatible 
* Choice of Three State ($400) or Open Collector ie 
(S401) Output a8 
© Efficient High Performance Operation: Al 
75 ns Read Cycle 
75 ns Write Cycle = 
500 mW Power Dissipation a 
(Typicals at 25 C) ‘s 


description 


The *S400 and ‘S401 are monolithic, active-element, random-access memories with non-destructive data readout 
organized as 4096 words of 1 bit each. These RAMs integrate an 12L static storage matrix with an edge-triggered 
Schottky-clamped forward transistor periphery to produce efficient, high performance operation. 


Primary memoty control 1s simplified to two pins: the RuW input which selects either the read or write mode of 
operation and the § input which serves the combined function of enabling or disabling the memory as well _as 
triggering either the read or write cycle. Memory operation is therefore synchronous as a negative transition (+) at S 
initiates execution of erthe: the read or write cycle dependent on the state of the Ry W input. 


Tne ‘S400 und ’S401 utlize separate pins for DI (date input) and DO (date output) wath the DO bulfer having a 
significantly faster disable than enable time. These features facilitate memory designs using e:ther a separate or common 


0 bus structure 


The ‘S400, with a 3-state output, and the ‘S401, with an open-collector output, are offered in both commercial 0 to 
70°C (74S) and military —55 to 125°C (54S) temperature range versions. 


functional block diagram 


ay sang 
STORAGE MATAIE 
4098 ert 


AQ as 
apoacss 
Inputs 


ROW ADDALSS 
BUSTER D1 COOLER 


Dara ourrur 


a6 All 
AODAISS 
weuts 
a) 
CHP RTA WATE DATA 
enaset  seucet Uy 
integrated Schotthy-Barrier diode 
DESIGN GOALS , imped 
This documant contains ihe dnvin © TEXAS, INSTRUMENTS Tom heevomerta Ur S. Patent 
sPecifications for s product under POBT OFFICE BON S012 » OALLAS TERAS 75237 Number 3,483,975. 


development. Texas Instruments reserves 
the right to change these specifications 
Nn any manner, without notice. 
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SN548400, SN74S400, SN54S401, SN74S401 
4096-BIT STATIC RANDOM-ACCESS MEMORIES 


FUNCTION 1ABLE 


FUNCTION S_INPUT A/W INPUT OUTPUT 


Read Active — Addressed Data 
Hold Active — Last Oata 


Inhibit t Hi-Z (OFF) 
Write Hi-2 (OF F} 
lahibit Hi-Z (OFF) 


HEnignievel, L Slow level, 7 =low-to nigh transition, 1 Enign-to-low wansition 


read cycle 


The read function is selected by applying a high logic level to the RAV input. If data is to be read from a newly 
addressed location, the RW and AQ-A11 inputs must be setup {tsy) prior to negative transition (1) at the s input and 
be held (th) stable until completion of the read cycle A negative transition at “S strobes the periphery circuitry 
causing the addressed location to be sensed, latched and the output to become active presenting true data. Following a 
wad cycle the output will remain active presenting true data until either the s input is taken high or the RW input is 
taken low. 


write cycle 


The write function ts selected by applying a low logic level to the RW input. The Dl, R/W and A0-A11 inputs must be 
setup (tsy) Prior to a Negative transition at Sand be held (th) stable until completion of the write cycle A negative 
transition at 5 will strobe the periphery circuitry causing DI to be stored in the addressed location and loaded! into the 
output latch. Any ume the RAV input is low, the device output will be at a high-impedance (off). This feature permits 
common 1/0 connection for bi-directional data bus designs. 


ORDERING SNFORMATION 


PART NUMBER AMBIENT TEMPERATURE RANGE OUTPUT PACKAGE (18 PIN) 


SN74S400N Commercial — 0 10 70°C 3-State Plastic DIP 
SN74S400) Commercial — 0 to 70°C 3-State Ceramic DIP 


SN54S400J Military —- -55 to 128°C 3-State Ceramic DIP 


SN74S401N Commercial - 0 to 70°C Open-Collector Plastic DIP 
SN74S401J Commercial — 0 to 70°C Open-Collector Ceramic OIP 
SNS4S401J Military ~ —55 to 125°C Open-Collector Ceramic DIP 


a 


Peretiy a 
TH commer osseme any cerponsbulety tgs peu 


any cniys . 
Texas INSTRUMENTS ot spits eat yt tes bon, gern ange 
INCORPORATEO TEXAS INSTRUMENTS RESERVES THE RIGHT 10 say: 

PORT OFFICE BOR S012 + DALLAS TEMAS 15222 IN ORDER 10 IMPROVE DISIGH AND 10 su © CHANGES aT 


PPUY THE gest PRODUC 


SCHOTTKY TYPE SN74S225 
TTL MEMORY 16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


SEPTEMBER 1976 


8N74S225 ...J OR NPACKAGE 


(TOP VIEW) 
© Independent Synchronous Inputs and Outputs 
* Organized as 16-Words of 5 Bits SLAP A ee 
* DC to 10 MHz Data Rate "2 e- ee 
¢ 3-State Data Outputs ekours’s ig, “crn 
* 20-Pin, 300-mil, High Density Package or 4 i7> OF 
O12 6 16 CK IN 
013 6 16 001 
DI4 7 14 002 
description D5 8 13, bOI 
f oe 9 12 DO4 
This 80-bit active-element memory is a monolithic, 
Schottky-clamped transistor-transistor logic (STTL) array GND 10 11s 1008: 
Organized as 16 words of five-bits each. The ‘S225 can 
easily be expanded to 16N-words of SN-bits in length and Pin atugnments are same for all packages 
features a single enable control for all 3-state data outputs. 
operation 


A FIFO is a memory storage davice which allows data to be written into and/or read from its array at independent data 
rates. The ‘S225 is a FIFO which will process data at any desired clock rate from DC to 10 MHz. The data is processed 


in a parallel format, word by word. 


Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
array on the fow-to-high transition of either load clock input. Data may be read out of the array on the low-to-high 
transition of the unload clock input (normally high). When writing data into the FIFO one of the load clock inputs 
must be heid high while the other strobes in the data. This arrangement allows either load clock to function as an 


inhibit for the other. 


Status of the ‘S225 is provided by three outputs. Input ready monitors the status of the last word location and signifies 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
Output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the internal 
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word location 
contains valid data and unload clock Input Is high. When unload clock input is low, output ready will be low. The first 
word location is defined as the location from which data Is provided to the outputs. 


The data outputs are noninverted with respect to the data Inputs and are three-state with a common control input, 
output enable. Whan output enable Is low, the data outputs are enabled to function as totem-pole outputs. A 
high-logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active. 


The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to 
a low-logic-level on the high-to-low transition of a low-active pulse. The data outputs do not change as a result of the 


clear input; however, the output ready at a low-logic-level signifies invalid data. 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


FUNCTION TABLES 


Table 7 — Input Functions 


7 eee 

SC 
Horrors | 28] bata trou 
ee fo] oom 

CK IN [16 | Unload Clock Input 

pctR ie Clear 
pckB fig Load Clock 8 

[20 —T-Soppty Vortaae 


EQUIVALENT OF ALL INPUTS 


EXCEPT DATA INPUTS EQUIVALENT OF DATA INPUTS 


Vee 


QUEUE CONTAOL LOGIC 


16—-WOAD-BY-5-BIT 


QUEUE MEMORY ARRAY 


FIRST WORD 


Vee = PIN (20) GND = PIN (10) 


Table 2 — Output Functions 


Unload Clock Output 


Output Ready 


TYPICAL OF ALL OUTPUTS 


- 2 NOM r “ee 


2 


o 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


NN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vcc (see Note 1) Baste oy Eee Bt Po ak he oe wee oo Ee SIV: 
Input Voltage he ett Ba ay te A? ae ee Be eR ep let Ee a Be ke Gack ee ee ee 
Off-State Output Voltage 6 | ww ee  SBV 
Operating Free-Air Temperature Range Bcd. Tee Ee We ak LES hee Oe a, Sees, ORE HL IOS 
Storage Temperature Range Sate ae oe Met ae Bee Fhe 2 toe ee eee ee 65°C to 150°C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


[min NOM max [unit] 


Supply Voltage, V 4.75 5 5.25 
All Outputs Excapt Data ;—_=22| ma | 


All Outputs Excapt Data | 
ee et Ye 
Load Clock A or B, ty, (high) [2s 

Untoad Clock Input, ty (ow) CoO oe 


Clear, ty (low) 


Dota to Load Clock, te, (Dili) See Note 2 a 


Clear Release to Load Clock, t, 


High-level output current, 10H 


Satup Time 


Hold Time, Data from Load Clock, thi Of) 


Operating froe-oir temperature, Tp 


NOTE 2: Data must be setup within 16 na after the load clock posltive transition. 
t -. The arrow tndicetas that the Jow-to-high transition of the load clock Is used for reference. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt UNIT 


Vig High-level input voltage ts we Se a | 
Vi____Low-level input voltage ee ee) 


Vik Input clamp voltage Vec = MIN, = -18mMA 


Vec= MIN, Vin *2Y, 
VOH High-level output voltage Vit © 0.8V lou = MAX 
Voc = MIN, Vin ®2V, 
VoL Low-level output voltage Vit = 08 V. lou = MAX 0.36 0.50 Vv 
I Off-state output current, high-level Vee = MARS — Mins 2 Ne | en | 
Der voltage applied Vit 208 Vv, Vo22.4V 
' Off-state output current, low-level Veco = MAX, Vin *2V, | sof un | 
ozt voltage applied Vit = 0.8 V, Vo 705 V 
q Input current at maximum input voltege Voc = MAX, vi 256.5 V PF 


Voc * MAX, Vjis27V 


' High-level i 
{ft dicot elaine All taputs Except Oate In 


ive Low-level Input current All inputs Except Date In Veco = MAX, Vv, 20.6 V 


fe Short-circult output currant§ 
lec Supply Current Veco = MAX, See Note 3 


T For conditions shown as MIN or MAX use the sppropriste value specified under recommended operating conditions. 
AI typical va at Voc 8 V, Ta = 28°C. 

§ Durotlon of the short circuit should not exceed one second, 

NOTE 3: Ice Ia measured with all inputs grounded and the output open, 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


switching characteristics over recommended operating ranges of Ta and Vcc (unless otherwise noted) 


TEST 
couiuaiatooi | rm |e | CONDITIONS reli Os osied hae 


CL = 30 pF, 
AL = 3009, 
See Note 4 


CL=5SpF, 
RL = 300 2, See Note 4 


TN cS 


CKA 
'PHL or CK OUT CL * 30pF, 
bce AL = 300 2, 
See Note 4 


€ {mex 2 manimum clock frequency. 

tw = pulse width (output) 

t 4 The arrow Indicates that the low-to-high (Tt) of high-to-low (5) transition of the output resdy (OR) output Is used for reference. 
tPLH © propagation delay time, low-to-nigh level output 

IPHL = propagation delay time, high-to-low-leval ourput 

¢ All typical values are at Veo = 5 V, Ta = 25 C. 


NOTE 4: Load circult and voltage waveforms are shown in Appendix A. 


a A SE A AOC 


TEXAS INSTRUMENTS 


INCORPORATED 
PORT OFFICE BOX SOL2 + DALLAS. TEAS 75222 


TYPE $N74S8225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 
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TYPICAL WAVEFORMS 
cilae LI — -_ 
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INPUT > 
many UL Lt 
LNLOAD 
fee A, ee U 


CUTRUTS 


Korot 3580? 4080) WORD 16 
I | | | I | eee ie | I | es ee | 
Craw 40a0 1040 oad 10aD UNOS. UALOs0 uNLoao UNLOAD 
wOuD) WORD? WORDS} 15 WORD 16 woror wcao} nonos wORO 16 
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Ga CAOSS HATCHING INDICATES UUALLEVANT INPUT CONDITIONS 


EXPANDING THE S225 FIFO 
(48 WORDS OF 10 BITS SHOWN ) 


ourPuT 


CLOCK IN 
INPUT READY 
ALADY OUTPUT 
NC UNLOAD 
CLOCK 
Sor 
OATA 
IN 
OUTPUT 
CLEAR ENABLE 
10-817 
DATA 
our 
NC 
SBIT 
DAaTa 
IN 
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APPENDIX A 


PARAMETER MEASUREMENT INFORMATION 
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carseat 
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ee 
soya! 
mie 
, esve 
reer waecev 
Loap circuit eee CYCLE VOLTAGE WAVEFORMS 
. sagt 


eeeiry 
pars 
acces, 
weunt 
Meee as cee! 
meee 


outnt 
et ay 


ACCESS TIME FROM ADDRESS INPUTS 


VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 


NOTES. A, When measuring access times from address inputs, the enable/select input (s) is (are) tow and tho read/write Input Is high, 
8. Waveform shown is for the output with internal conditions tuch that the output Is low except when disabled. 
CG When measureing access and disable times from enabie/setect input (s), the address inputs 3 
Input is high, 
DO. Input wavelormes ore supplied by pulse generators having the following cheracteriatics 
and Zou, * 508 


TESTING RAM’s WITH 3-STATE OUTPUTS 


hom OVTET 
uncun ray 
aru. 
cn BLL 
eur 
etapeere 
wut 
LOAD CIACUIT 
oui 
anes 


WRITE CYCLE VOLTAGE WAVEFORMS 


ACCESS TIME FROM ADDRESS INPUTS 


ACCESS (ENABLE) TIME AND DISAGLE TIME FROM CHIP ENABLE 
VOLTAGE WAVEFORMS 


VOLTAGE WAVEFORMS 
NOTES: A. When meaturing acce 


a8 from address inputs, the enable/select Input (+) is (sre) tow and the read/write Input Is high. 

8. Waveform shown is for the output with internal conditions such that the output Is low except when disabled. 

C. When measureing access and disable times from enable/seiect input (s), ine address inputs 
Inputis high. 


D. Input waveforms are wppiled by pulse generators having the following characteristics 
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TESTING RAM’s WITH OPEN-COLLECTOA OUTPUTS 
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TYPE NUMBER (PACKAGES) 
| SNS4s226) | sSN74S2261,N) S| 4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 

] SN54S240() | SN74S240(.N) _———s|_ OCTAL INVERTING BUS BUFFER DRIVEAS/RECEIVERS 
OCTAL BUS BUFFER DRIVER/RECEIVERS 
| snsasz99in ——[_SN74S2991J,N) OCTAL UNIVERSAL SHIFT/STORAGE REGISTERS 
| SNS4S330) |= SN74S3300.N) ———s|«12-INPUT, 50-TERM, 6-OUTPUT FIELD. 

| SNSas3ail) «| SN74S331.N) |: PROGRAMMABLE LOGIC ARRAYS {FPLA) 
| SN54S373() «| SN74S373.N) | OCTAL O-TYPE TRANSPARENT LATCHES 
SN74S374(J,N) OCTAL D-TYPE FLIP-FLOPS 

[ SNS54s41219) | SN7454121J.N) OCTAL MULTIMODE BUFFERED LATCHES 


SN74S428(N) CONTROLLERS AND BUS DRIVERS 
SN74S438(N) FOR 8080A SYSTEMS 
[ SNs4s482() | SN74S482(),N) 4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 


FUNCTION 


1276 


SCHOTTKY 
TTL MSI 


¢ Universal Transceivers for Implementing 
System Bus Controllers 


© Dual-Rank 4-Bit Transparent Latches 
Provide 
— Exchange Data Between 2 Buses In One 
Clock Pulse 
—~ Bus-to-Bus Isolation 
~— Rapid Data Transfer 
— Full Storage Capability 


e Hysteresis at Data Inputs Enhances Noise 
Rejection 


e Separate Output Control Inputs Provide 
Independent Enable/Disable for Either 
Bus Output 


¢ 3-State Outputs Drive Bus Lines Directly 


description 


These high-performance Schottky TTL quadruple bus 
transceivers employ dual-rank bidirectional 4-bit trans- 
Parent latches and feature 3-state outputs designed 
specifically for driving highty-capacitive or relatively 
low-impedance loads. The bus-management functions 
implemented and the high-impedance controls offered 
Provide the designer with a controller/transceiver that 
interfaces and drives system bus-organized lines 
directly, They are particularly attractive for 
implementing: 

Bidirectional bus transceivers 

Data-bus controllers 


The bus-management functions, under control of the 
function-select (S1, $2) inputs, provide complete data 
integrity for each of the four modes described in the 
function table. Directional transparency provides for 
routing data from-or-to either bus, and the dual store 
and dual readout capabilities can be used to perform 
the exchange of data between the two bus lines in the 
equivalent of a single clock pulse. Entry of data is 
accomplished by selecting the latch function, setting 
up the data, and taking the appropriate strobe input 
low. As long as the strobe is held tow, the operation 
remains stable for the selected function. Further 
control is offered through the availability of inde- 
Pendent output controls which can be used to enable 


SN548226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


J PACKAGE 
..J OR N PACKAGE 


(TOP VIEW) 


BUS B INPUTS/OUTPUTS 


ST@ SEL 
Vec 2G S2 204 208 20C 20D 20¢ 


S1 1QA 208 108 10D 1a0Cc 


1G ST 
STB SEL 
BUS A INPUTS/OUTPUTS 


104 108 10C 10D 10C GNO 
ey 


SEE FUNCTION TABLES 


functional block diagram 


ua. RANE 
CATCHES 


Oval Rane 
Latent 


INPUTS 


PUT! 
u v outrurs 


outpuTs 


stROAE OUTPUT 
CONTROL 


eae 
QuIPUT STROBE sicgcr 
CONTROL 1G 10 


Veg * 916 (162 GNO = PIN LO 


OESIGN GOAL 
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SN548226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


BUS-MANAGEMENT FUNCTION TABLE OUTPUT-CONTROL FUNCTION TABLE 


[orenation | sz si | LATCH FUNCTIONS _| [2oc [roc] ouTPuT FUNCTION __| 
L Pass Bus 1 Osta to Bus 2 Disable Bus 1 Outputs [Hi-Z) 
| DAIVE BUS? | 8US1 H Pass Bus 2 Data to Bus 1 
H 

L 


EXCHANGE Store Bus § and Bus 2 Data 
BUS 1&2 


Resdout Stored Data 


Enoble Bus 1 Outputs 
Disable Bus 2 Outputs (HI-Z) 
Enable Bus 2 Outputs 


bp ies EY ool 


or disable the outputs as shown in the output-controt function table, regardless of the latch function in process. Store 
operations can be performed with the outputs disabled to a high-impedance (Hi-Z). In the Hi-Z state the inputs/outputs 
neither load nor drive the bus lines significantly. The pnp inputs feature typically 400 millivolts of hysteresis to enhance 
noise rejection. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1} F >. EM 
Inputvoltage . . . Ogee A £5, IOS 
Off-state output voltage ; . .55V 
Operating free-air temperature raiiae $N54S226 —55°C to 125°C 

SN74S226 .  O°C 10 70°C 
Storage temperature range : ee 3 -65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 
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SN54S226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


recommended operating conditions 


esse [ewes 


Supply voltage, Vec 


High-level outpur voltage, Von 
High-level output current. toy 


Oate setup time, Tu 


Oata hold time, th 


Operating free-air temperature, Ta 


*. The arrow Inaicates the transition of tna enable input used for reference: * for the low-to-high transition, § for the high-to-low transition. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt MIN TYPt MAX] UNIT 
[Yin “High-iewel input volts 


vi Low-level input voltage [ee er ave] 
ViK Input clamp voltage Voc MIN, js —18mA Poteet 
Vou High-levol output voltage Vec * MIN, Min TaN, [snsasz26| 24 33 v 

ViL=08V. ton Max [sn74s726] 24 29 | 


Vv MIN, Vin *® 2V, 
Vou Low-leval output voltage ig 5 BV. ae 20 mA 
iL 7 0.8V, t 


lost Olf-state output current, Voc * MAX, Vin*2Y. f0] wa | 
high level voltage applied Vor 2.4Vv 

a 
low-level voltage applied Vo705V 

Veg = MAX, Vi=58V ce 

[in Higbievel nputeueremt SP Vgc=MAX, Mie27V TOO] HA 

[tig “Lowlevel input eurrent Sie MAX, OSV 800 HA 

10S ___Short-circuit output currents =50 180} mA | 

See Note 2 


'For conditions shown as MIN or MAX, use the appropriate value specified under recommended opersting conditions. 


tai typical values are at Veo" 5 V. Ta 2 28°C. 
§Not more than one output should be shorted ats time and duration of tne short-circuit test should not exceed One second. 


NOTE 2. cc Is measured with all inputs {end outputs) grounded. 
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SN548226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 


switching characteristics, Vcc = 5 V, Ta = 25°C 


FROM 
PARAMETER NOITIONS MI 
cee, | ae ee TEST COND IN TYP max 


eee 
(PHL 


= Soman 

\ 

tenn | - i RL = 2802, 
| Pun ‘Awa 


Output 


UNIT 


| Awa | Awa 


Anya 


Cantrol 


Ourput 
Any Qa CL =5pF, RL = 2800, 


IPLH @ propagation delay time, fow-to-high level 
tWHL = Propagation delay time, high-to-low level 
tZH 3 output ensble time to high level 

ZL 3 output enable time to low level 

HZ 4 output disable time from high level 

1tLz & output dissble time from low tevel 


applications 


The following examples demonstrate four fundamental bus-management functions which can be performed with the 


‘S226. Exchange of data on the two bus lines can be accomplished with a single high-to-low transition atS2 when $1 is 
high. 


CONTROL CONTROL CONTROL CONTROL 
BUS 2<-BUS1 BUS 1+BUS2 STORE 1 AND/OR 2 READOUT 1 AND 2 


CONTROL 
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SCHOTTKY + TYPES SN54S240, SN54S241, SN74S240, SN74S241 
TTL OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 
WITH 3-STATE OUTPUTS 


BULLETIN NO. OL-S 7512346, DECEMBER 1975 


SN545240 ... J PACKAGE 
5N74S240 ...J OR N PACKAGE 


© High-Performance Schottky TTL Toe viEm 
Line Drivers and/or Receivers in a 
High-Density 20-Pin Package 


© 3-State Outputs Drive Bus Lines Directly 

e P-N-P Inputs Reduce D-C Loading on 
Bus Lines 
Hysteresis at Inputs Improve Noise Margins 
‘S241 Can Be Interconnected With No 
External Components to Perform as 
Bi-directional Bus Transceiver 


features: 


vy) ted Ve kd ve ae tvs at 


‘eg 


1G tay va 2D ADV ta GO 


logic: = 1¥ = 1A when 1G is low 

a 2Y = 2A when 2G is low 
When 1Gis high 1Y outputs sre at high impedance 
When 2G is high 2Y outputs are at a high impedance 


typical characteristics: 
@ Fan-Out: SN74S’ —s SN54S’ 
loy (Sink Current) 64mA 48mA Ganicoe int PACKAGE 
OH (Source Current) —15mA —12 mA 5748241... J OR N PACKAGE 
© Typical Propagation Delay Times: (TOP VIEW) 
Data-to-Output: 
‘S240 (Inverting) ... 4.5 ns 
‘S241 (Noninverting) ... 6 ns 
e Enable-to-Output ...9ns 


Aad ive 


description 


These buffers/line drivers are designed specifically to 
improve both the performance and p-¢ board density of of a a 
3-state buffers/drivers employed as memory-address drivers, - = 

clock drivers, and  bus-oriented transmitters/receivers. ae oy aA canen oa a sgh 
Featuring 400 millivolts of hysteresis at each low-current When 1G is high 1¥ outputs are at a high impedance 
p-n-p data-line input, they provide improved noise rejection When 2G is low 2Y outputs ore at a high impedance 
and high-fan-out outputs to restore Schottky TTL levels 
completely, or the SN74S‘ versions can be used to drive 
terminated lines down to 133 92. 


‘S241 BUS TRANSCEIVER 


Typically, the ‘S240 can replace the equivalent of six SN54S04, SN74S04 
inverters or four SN54S130, SN74S140 fine drivers at their rated drive aus 1 
Capabilities with the added benefits of input hysteresis and 3-state outputs. 

The ‘S241 offers the same complexity and drive capability but is designed for 

use in non-inverting applications. 


In bus-organized systems, the ‘S241 can be connected with no external 
components to perform as a non-inverting input/output bus transceiver. With 
complementing enable inputs, the control function can be connected directly 
to both enable inputs while the two 4-line data paths can be connected (at 
adjacent pins) input-to-output on both sides to form the asynchronous 
transceiver/buffer. 


CONTROL 


L... RECEIVE BUS 1 DRIVE BUS 2 
H... RECEIVE BUS 2 DAIVE BUS 1 


E A SHEET 
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TYPES SN54S240, SN54S241, SN74S240, SN74S241 
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 


recommended operating conditions 


[_ SNsas’_ SN74S° 

MIN NOM Max [MIN NOM MAX | UNIT 

45 5 55 [4.75 5 5.25 
| ma _| 


-12 
48 | mA] 
NOTES. 1, These voltage values ore with respect to network ground terminal. 


2. An SN54S241) operaung at free-ais tomperature above 1 16°C requires a heat sink that provides a thermal resistance trom case to 
free-air, Agca. of Nol more than 40° CW. 


PARAMETER 


Supply voltage. Vcc (see Note 1) 

High-level output current, 10H 

Low-level output current, lo 

Operating tree-air temperature, Ta (see Note 2) 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


t [s240 S241 
PARAMETER TEST CONDITIONS MIN TYPT MAX [MIN TYP! Max | UNIT 
Vin High-level input voltage 2 2 
VIL Low-level input voltage 


Vv Input clamp voltage 


Hysteresis (V7+ — Vy_) 0.2 0.4 


3.4 | 2.4 


Ss 
re 
a 
fo) 
w 
< 
N 
is ‘ 
< 


VOH High-level output voltage 
Vou __Low-level output voltage a tor = MAX 0.55 0.55 Vv 

Off-state output current, 
loz at ; Voc * MAX, Vo*24V 50 Ee) 

Gitar sues aoe Vins 2. J ua 

Gi . 20, Vo = 0: I =] = 

loz low-level valtage applied Vit 2 08V o705V !} 50 50 

Input current at maximum ‘ 
y input voltage Voc * MAX, Vyr5SV 1 1] mA 
ir) Highevel input current, any input Vcc = MAX, Vinz27V 50; 0 T A | 

Fi AnyA 7 x 1 -400 —400 HA 

lin Low-level input current Any G f Vec = MAX, Vit 705 V ; = =? TomA 
Tos __Short-ircuit output current€ Vcc = MAX —50 -225 [-so 225 | maA_] 


Total. Vec * MAX, 


1 Supply current 
ce Pee . outputs low Outputs open 


Outputs at 
Hi-Z 


Tor conditions shown as MIN or MAX, use the appropriave value specified under recommended oporsting conditions, 
Fan wopical valve atVec "SV. Ta * 25°C. 
£ Not more than one output should be shorted et @ time, and duration of the short-circuit should not exceed one second. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


Propagation delay time, 

low-to-high-level output 

Propagation delay time, CL = SOpF, 
high-to-low-level output See Note 3 
CL Ser. 


'PLH 


'PHL 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 + DALLAB. TEXAS 75227 


TYPES SN54S240, SN54S241, SN74S240, SN74S241 
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 


DRIVER 
1/8 “S241 pee tonaine —_—...--—| eer 
+ ane REPEATER REPEATER 


INPUT > — S 1/8 °S241 <2 1/6 °S241 B 178 S244 B OUTPUT 
_ 
ne c 


zwv—-—— — —---— —- ~ ~~ ~—-,--— —- —- ~~ -- 

\6év——- — = ee ee) 

12VAaf_ ae 

o3ve }_ __\ wes Nea ee NS 
INPUT ouTPUT INPUT ~ OUTPUT TNPUT OUTPUT INPUT 


"S241's USED AS REPEATER/LEVEL RESTORER 


CONTROL OR micnoroenen lL eee el 
MEMORY lL eee el REGISTER 


OUTPUT 
CONTROL 


SYSTEM ANO/OR MEMORY ADORESS BUS 
‘S240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4-BIT ORGANIZATION CAN GE APPLIED TO HANDLE BINARY OR BCD 


; PARTY LINE 
va'szay : 14'$741 
Driven MULTIPLE INPUT/OUTPUT BUS Le STH) 
FROM eae rw 
ourpur INPUT A INPUT B 
PORTS DATA 
bus TO OTHER 1O OTHER 
BUFFERS 7° BUFFERS 
outPut ouTPuT 
A 
| 8 
OUTPUT.PORT 
CONTROL 
aus RECEIVERS BUS 
CONTROL tNPUT OUTPUT CONTROL 
“1 OH ry ry to 
Hob 8 8 4 Ll 
t Ll A 8 Hw nH 
INPUT To bem i " ae 
4 NONE NONE * 
PORTS DATA t L 


PARTY-LINE BUS SYSTEM 
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 


| c INPUT-PORT 
CONTROL 


INDEPENDENT 4-B!T BUS DRIVERS/AECEIVERS 
'N A SINGLE PACKAGE 


PENILO IN USA 


Th connel cisvme ony responsibilty fer ony tiduils shawn 
TEXAS INSTRUMENTS Se: depeiest that sheds wie Wee AUR patent “cage el 
INCORPORATED 
TEXAS INSTRUMENTS RESERVES TRE RIGHT TO MAKE CHANGES AT ANT Time 


POST OFFICE BOX S017 + DALLAS, TEMAS 76222 
(M ORDER TO IMPROVE OFSIGN AND TO SUPPLY THE BEST PRODUCT POSHELE 
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SCHOTTKYt TYPES SN54S299, SN74S299 
TTL 8-BiIT UNIVERSAL SHIFT/STORAGE REGISTERS 


DECEMBEA 1076 


© Multiplexed Inputs/Outputs Provide SN54S299 .. . J PACKAGE 


Improved Bit Density SN74S299 ... JOR N PACKAGE 
(TOP VIEW) 
© Four Modes of Operation: 
Hold (Store) Shift Left sur 
Shift Right Load Data vee 0 = d re ra ral fal crocs ee 


Operates with Outputs Enabled or at High Z 
3-State Outputs Drive Bus Lines Directly 
Can be cascaded for N-Bit Word Lengths 


Applications: 
Stacked or Push-Down Registers, 
Buffer Storage, and 
Accumulator Registers 


(oe C:O¢ AO, Oa’ CLEAR 


o 4] Ls} LY} ie o Ls GrD 


o 


out 
COntaoLs, 


logic: see description and function table 


These Schottky TTL eight-bit universal registers feature multiplexed inputs/outputs to achieve full eight bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. 


description 


Synchronous parallel loading is accomplished by taking both function-select lines, SO and S1, high. This places the 
three-state outputs in a high-impedance state, which permits data that is applied on the input/output lines to be clocked 
into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 
overriding input is provided to clear the register whether the outputs are enabled or off. 


FUNCTION TABLE 


INPUTS INPUTS/OUTPUTS OUTPUTS 


[ie a NUT 
FUNCTION | OUTPUT SERIAL 
CLEAR| SELECT |CONTAOL| CLOCK AlQq @/Qg C/Qg D/Ap E/OE F/Of G/Og H/Qy 
cas nak sa 
x oa om om 53 a oo ac oa 
Pine Sessa ees ae 
Qan Ba Acn OOn Aen AFH AGH 
aan Gan 98m [Cn An En Fn <Gn QGn 
os Qcn [Dn AEm AFA AGn AHy oon 
x Sen “cn ope nes ata CGn ae 


tood fH TH Hy x xp t [x xfs ee Ge 


tWhen one or both output controls are high the eight input/output terminals are disabled to the ee impedance state; a sequential 


Clear 


: 


- 
ric x 


ae 
ae 
x 


x 
a 


Shift Right 


cre 


xr 
et ce 
re 
Bate 


Shift Left 


in 
ce 


operation or clearing of the register is not affected. 


h = lovol of tho steady-state input at Inputs A through H, respoctively, These deta are loaded Into the flipflops while tho flip-flop outputs 
va Isolated from the Input/output terminals. 


Integrated Gchotthy-Barrler dlode- 
clamped transistor le patented by TEXAS INSTRUM ENTS 
Minker cantare U. & Patent PORT OFFICE BOX 50ia « OALLAS, TEXAS 75222 


TYPES SN548299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


functional block diagram at 
“a 


ih Gis eilees { 
aad bal 
a ae 


ae 
calrall 
=Pur 


TEXAS INSTRUMENTS 
INCORPORATED 


TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


schematics of inputs and outputs 


EQUIVALENT OF CLOCK OA EQUIVALENT OF G1 EQUIVALENT OF A THAU Ht, SO, S1, 
CLEAR INPUTS AND G2 INPUTS SHIFT AIGHT, AND SHIFT LEFT INPUTS 


Yee 


Clock: Req = 2.6 kD NOM 


Cleary Aeg = 35k NOM 'When 3-state outputs are disabled. 


TYPICAL OF OUTPUTS TYPICAL OF OUTPUTS 
Qa THAU Oy Qa: THRU Oy: 


— Ve 
50 2 NOM c 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) a ea ae bt ee a be ek el ed Ee TM 
Input Voltage . Ba ylenree tar aoa “acy oe 5 Po ewe, eee oe ney ae ee oo SSN. 
Off-state output voltage Oe Ryo as seen Tet rae, ae ie Gh ae ee hee ep aS Se tye alo) On oles ee SSIES: 
Operating free-air temperature range: SN54S299 (see Note 2) a Lee ee ee. =55°C to 125°C 

SN74S299 rae vee eee we OC tO 70°C 
Storage temperature We 28 de ee at dh aby tee th a ak nh at se an on @ SBE OHOIEONS 


NOTES 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


[__snsaszes | sn7asaa 


E] 5.2 


UNIT 


~ 


= 
a 


o 


Supply voltage, Vee us 


High-level output current, tou 
At IH" 


Low-level output current, fo. 
iar or Oy | 


Clock frequency, fctock 


Clock high pio 
Width of clock pulse, twiclock) [io STti‘“C:;is~*@CY 


Clock low 


6t 


~ 
= 


Setup time, ty, 


> 
w 
> 


Hotd time, t, 


a 
[ oso MHz | 
aay 
fio 
0 8 ae | 
| 


Date Includes the two serial inputs and the eight Inu t/output dete lines. 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 
ViH High-level input voltage 


[Vin _towlevet mput voltage SSS SSCSC—Sd SS 
Vit = 08. 273A 

Veco * MIN, 

Vir *O8V, 


TEST CONDITIONST 


OH 
VOL Low-level output voltage 


Off-state output current, 


Qa thru Q, 
high-level voltage applied A H 


Off-state output current 


Qa thru QW 
low-level voltage spplied 


1 Input current at maximum input voltage 


i} 

t High-level i t Atha SO ST | ye a ntax v 

-level input curren 2 " = 
G2 Sees ce 
i.) evel input curren 
e asaaiaat es P= 250 | 
Qa thru Ay, -40 

t Short-circuit output current§ [Oath an | Vv = MAX 
Qa: or Oy cc —20 


loc Supply current Vec = MAX | 140225] 


T For conditions shown as MIN or MAX, use the appropriste value specifiod under recommonded oporoting conditions. 
tall typical values ore at Voc = 5 V, Ta = 25°C. 


§Not more than one output should be shorted at a time and duration of the short-circuit test should not oxceed ono second, 


Voc © MAX, Vie 


switching characteristics, Vcc = 5 V, Ta = 25°C 


TEST CONDITIONS MIN TYP MAX] UNIT 


a 


CL*1SpF, RULoIKQ, 


ac sais 5 tH 


CL=45pF, AL~ 2602, 
See Note 2 


CL=50F, 
See Note 2 


AL = 260 ft, 


7 12 
7 12 


Minan & maximum clock frequency 
TPLH & propagation delay Ume, Jow-to-high-level output 
tPHL © propagation delay ume, high-to-low-level output 
1PZH & output ensbdle time to high level 
tpz_ @ output enable time to low level 
tpHz 3 output disable time from high levei 
tpiz = output disable time from low level = 
NOTE 2: For teating fmax. all outputs are loaded simultansously, each with Cy and Ay es spocified for tho propagation times. 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
SCHOTTKY+ EXPANDABLE 12-INPUT, 50-TERM 


ue FIELD-PROGRAMMABLE LOGIC ARRAYS 


DECEMBEA 1976 


¢ Field-Programmable Logic Array SN54S330, SNS4S331.. . . JPACKAGE 
Organized 12-Inputs/50-Product $N74S330, SN74S331. . . JORN PACKAGE 
Terms/6-Outputs 


© Programmable Options Include: 
— Active High or Low Inputs/Outputs 
~ Choice of Dedicated Enable Input or 
Automatic Enable by True Product 
Terms 


INDUTS OurpUTS 
Vee a 3 t H LIEN?! FS ra F3 Fz 


¢ Number of Inputs, Outputs, and 
Product Terms are Expandable 


© High Density 20-Pin Package 


© Full Schottky Clamping for High- 
Fo Fl 
Performance: (PUTS. ourPuts 


— 35 ns Typical Data Delay Time positive logic: See description and function tables. 
— 20 ns Typical Enable Time 


© Reliable TIi-W Fuse Links for Fast, 
Low-Voltage Programming 
© Choice of 3-State (S330) or 2.5 kM Passive-Pullup (‘S331) Outputs 


description 


These high-performance, Schottky-clamped 12-input, G-output logic arrays can be field programmed to provide 50 
Product terms derived from the 12 inputs and sum the 50 products onto 6-output lines. They feature a programmable 
option which permits the FPLA outputs to be automatically enabled by a true product term or,to dedicate during 
Programming. input (L/OE) to serve as an output enable (OE). Either option makes the FPLA expandable with respect 


to product terms. 


For every product term, 12 input variables can be programmed as high or Jow. Logic flexibility is further enhanced by 
the feature that the six outputs can be programmed individually to be active high or low. 


The SN54S/74S330 is implemented with bus-driving 3-state outputs and can be connected directly to similar outputs in 
a bus-organized system. The SN54S/74S331 is implemented with a 2.5 kS2 passive pull-up resistor on each output 


meaning that: 


The output can be combined with other similar or open-collector outputs to perform the logical wire: AND 


or a simple enable/disable function. 


b. The series SN74S‘ outputs are also rated to source 250 wA of current at VOH = 3.7 minimum for direct 
interface with MOS input thresholds. 


The TI-W fuse links, used in the ‘S330/'S331, feature the same low-voltage programming characteristics and proven 
reliability which Texas Instruments PROM’s have demonstrated over a number of years. 


pS 


DESIGN GOAL 
this document provides tentative information Tintegrated Schottky-Berrier diode 
‘7 8 product in the developmental stage. Texas TEXAS INSTRUM ENTS clamped transistor is patented by 


Texss Instrumenta U. S. Patent 


nstruments remrves the right to changes oF posr OFFICE GOK 6012 » OALLAS. TEXAS 73222 Number 3,482,975, 
u 


liscontinue this product without notice. 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


ie) 


| 2D ee so ) >> - Fo 
| Sp) 4 a 

i. : so} ey 
\ a 

CD eet 

* - , 

— 50 {>i 
—= = | 
J 

. Dp 


é 


2-0 
j 
abiobo 
wl 
| 
ig 


rACS KH TOMMOOWyY 


SEER ETEH HTH E INE: 


WHERE: 


F) © Fo, Fy, F2, Fa, Fa. oF Fg 
(ABC..... L)y = 12 PROGRAMMABLE INPUTS (H = TRUE OR L = TRUE) FOR EACH OF 60 PRODUCT TEAMS 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX S012 + DALLAS. TEXAS 75222 


TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 


FIELD-PROGRAMMABLE LOGIC ARRAYS 


absolute maximum ratings over Operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) Bote cit oe Se bine es he, ate toe th Bs ee sae TM, 
Inputvoltage . . . . . Gh, & wl Gy Ate Cope Sip] SBA ia gk hewn elfen OM) ak “BIO V 
Off-state outputvoltage 2. kl gs deca a to oe ~ oo SEV 
Operating free-air temperature range: SN5S4S330,SN54S331. . 2... 2... . -55°C to 125°C 

$N74S$330,SN74S331.. 2... . 2. dh Bree os 0°C to 70°C 
Storage temperature range . : Stes Bo eu & mo Sake dee .-65°C to 150°C 


NOTE 1 Voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply vottage, Voc 


$330 (T-SI 
$331 (2.5 k2 Pullup) 


High-level output current, 1OH 


Operating free-air temperature, Ta 


PARAMETER 


Vin High-level input voltage 


Vit Low-levet input voltage 
iK Input clamp voltage 


Vege MIN, 2 -18ma [2 
[sazo_ | Vec* MIN Toys max | 26 94 | 24 ny 
$331 Vins 2V 3? 45 37 4.4 
Vit 2 0.8 V 
Vite O8V, top =20mA 
| 'ozH] Off-state output current, Ee 
= MAX 

[ott] high-level voltage applied Vee Vo = 2.4V sof] SO 
| Vec* MAX, Vo+0.5V 

O2t low-levet voltage applied En cc ° 

! input voltage cc 7 
[High-level input current Vog=MAX,ve27v {SOT 


Ort-circuit Output | ‘s330_ Vee = MAX | ma | 
108 ewan esa Yee a er os 
joa | 


'Os 
| “S330 | 
{oc Supply currant [-s331 Veco = MAX, See Note 2 [192] 


‘For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 


TAN typical values are at Voce * SV, Ta © 25°C. 
Not more than one output of the ‘S330 should be shorted at a time. 


NOTE 2: I¢¢ Is measured with all outputs open end ail Inputs grounded. 


Vou High-level output voltage 


VOL Low-level output voltage 


switching characteristics, Vec =5V. Ta = 25°C 


TEXAS INSTRUMENTS 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


programming the FPLA 


The ‘S330 and $331 are fabricated to include reliable low-voltage programmable Ti-W fuse links which have identical 
fusing characteristics with those used in TI's PROM’s. The conditions recommended for programming the FPLA are 
virtually identical to those used for TI's PROM’s; however, the AND-OR combinational togic performed by an FPLA 
requires that sequential programming be employed which establishes the AND term including the data/enable L/OE 
input before the OR term. Programming the automatic enable feature active, the true/false togic level of the outputs, 
and the data/enable input (L/OE) can be accomplished before or after the AND and OR matrices are established. 


recommended conditions for programming 


Program pulse rise time 


Input voltage (see Note 1) JH 


[ Freessivtemperture 0 ts | 


TAbsolute maximum ratings. 
NOTES: 1. Voltage values are with respect to the GNO termina), 
2. Programming is guaranteed if the pulse applied is O.9m4 long, Typically, programming occurs in 1 ms, 


programming the true/false logic level of the outputs 


The FPLA is supplied with internal conditions established such that when a programmed AND or AND input term is 
true the associated function output (Fp) will be at a high logic level voltage, VOH. 


Programming the output to provide a low fogic level voltage (VOL) when the programmed input term is true can be 
accomplished by using AND/AND terms 50 through 55 shown in Table | and fusing the desired outputs using the step- 
by-step procedure. 
TABLE | —- ADDRESSES FOR PROGRAMMING OUTPUT LEVELS AND ENABLES 
ADDRESS APPLIED TO OUTPUTS | PRODUCT TERM 
PROGRAMS 
Fe Fa F3 Fo Fi Fo ADORESSED 


50 Output Fs true low 


Output F4 true low 

Output F3 trus low 

Output F 2 true tow 

Output F1 true low 

Output Fg true low 

L/OE input into logical product term 
Automatic output enable active 


pe ae ae ia A a ae 
52.5255 zs = 
pe ee a cal A a A 9 


Programming can be verified before AND-OR programming by applying Vcc = 5 V and measuring VoL “0.5 V at the 
programmed output(s). After programming this test can be made by applying the input conditions which correspond 
to each term programmed to result in an active low-level output. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOK SOL2 + DALLAS. TEMAS 75222 


TYPES SN54S330, SN54S331, SN74S330, SN74S931 

EXPANDABLE 12-INPUT, 50-TERM 

pea FIELD-PROGRAMMABLE LOGIC ARRAYS 
step-by-step programming procedure for outputs and enables 


I. Apply steady-state supply voltage (Vcc = 5 V) and disable the outputs by applying 10.5 volts to the 12 data 
inputs. See Figure 1. 


2. Verify that the fuse link needs to be Programmed. If not, proceed to the next term. 


3. Only one fuse link is Programmed at a time. Address the term to be programmed by applying Vj} and Vj, to the 
Outputs in accordance with Table |. 


4. Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


5. After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5V at which level verification can be ac- 
complished, 


6. The data inputs may be taken to logic levels (to permit program verification) 10 us or more after VCC reaches its 
steady-state value of 5 V. 


7. AtaY pulse duty cycle of 35% or less, repeat steps 1 through 6 for each function to be programmed. 


NOTES 3: Vcc should be removed botween program-pulses to reduce dissipation and chip temperatures. See Figure t, 


zi ——— ne 10.5V 


REMOVE Vcc TO 


REDUCE : 
ne AVERAGE ores 
H H POWER 
; eecSeseels 6 
> 10 ps ba ie 10 ps 
1oo4 
12 0ATA  iaceiaasces creas Vin 
INPUTS 1 ' 
[ ny nn 
VERIFY NEED -be—pof HI-Z re fe Test ourPuT yo Vou : 
TO PROGRAM ie sascuoseles =) cp (esse 1H 
! 
OUTPUTS 6-LINE ADDRESS INPUT F—1--~——— 4 1 
——— ee J tase. Mn a ee ee bean iL 
Vou 
FIGURE 1 — OUTPUTS AND ENABLES PROGRAMMING SEQUENCE | 


Programming the L(en) input 
The L/OE input must be programmed either to function as a dedicated enable or to function as the 12th data input 


If it is to become the 12th data input a single fuse, at term 562 (see Table I), should be programmed in accordance with 
steps 1 through 4 above; then, input L is programmed logically into each AND/AND product term. 


If input L/OE is to function as a dedicated output enable, term 662 is not fused: however, both AND/AND fuse links 
at each of the 50 product term addresses must be fused as outlined below creating a “don’t care” for input L. This 


causes tha input to become an overriding output enable/disable for the package. 


SS a am rm a a A ah A EE Ay Sa EL UE ES 
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TYPES SN54S330, SN54S331. SN74S330, SN74S331 
EXPANDABLE 12-iNPUT. 50-TERM 


FIELD-PROGRAMMABLE LOGIC ARRAYS 


programming the automatic disable to be inactive 


The ‘S330 and ‘S331 are supplied with fuse links completing a circuit which automatically disables the six outputs (high- 
impedance (Z) for ‘S330, high (H) for ‘S331) for any product term which is purely “‘don’t care’’; i.e., not decoded by 


the AND matrix. Fusing one fink inactivates the automatic output enabling circuit resulting in the six outputs being 
enabled for any input term, even “don't care”. 


The automatic disable fuse is programmed inactive by addressing term 575 (see Table |) and fusing in accordance with 
the step-by-step procedure above. 


programming the AND/AND product terms 


Each of the 50 product terms are capable of being programmed to decode a 12-wide term consisting of any combination 
of active (true) high, active (true) low, or don’t care (H or L) input conditions at each of the 12 lines. This capability is 
implemented by providing AND/NAND decode input gates each having a pair of associated fusible links which can be 


Programmed to inactivate the unused decode level. Both decode levels can be removed resulting in a ‘don’t care” 
input. The equivalent logic diagram showing the fusible links is shown im Figure 2. 


12 
DATA 
INPUTS 


50 
PRODUCT 
TEAMS 


A:B-L=0 A:B-L=1 


B-L=49 


(A IS “DON'T CARE”) 
FIGURE 2 — EQUIVALENT LOGIC DIAGRAM OF FPLA PRODUCT TERMS 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 


FIELD-PROGRAMMABLE LOGIC ARRAYS 


A particular pattern is assumed to have been programmed into the AND/AND fuse matrix with fused links opened at 
the locations marked with an “X’’, The resultant product terms are enumerated for the outputs of esch product-term 
AND gate. 


Product terms programmed into the AND/AND matrix will be used to select the term for programming the OR 
(summing) matrix. Redundant product terms will select two sum terms in the OR matrix, and overlapping product 
terms may select two or more sum terms. Reliable programming can be accomplished if redundant product terms 
are avoided and overlapping product terms are made unique for Programming. 


Redundant product terms are defined as being absolutely equal; i.e., ABCDEFG=ABCDEFG. Use of apparently redun- 
dant terms is possible if the term does not use all inputs as the remaining inputs can be utilized to create unique terms 
for programming purposes by expansion: 


Example: 
ABCDEFGH=ABCEDFGH 


After programming the OR matrix, the product terms can be readdressed and the H input can be programmed “don’t 
care”’. 


Overlapping terms are defined as two or more product terms in which the lesser product term can be addressed as a 
result of the application of a larger product term. 


Examples: 
ABCDEFG <————————__—_—_—— This large product term 


AB DE G~w 
A CD F paRiietereem——— also addresses these small terms 


The small terms can be made unique for programming by simply expanding to non-redundant inputs. 


ABCDEFG <———_——__ Large term 


Co Small terms made unique by expanding (one fuse link each) 


After programming the OR matrix, the product terms can be shortened by readdressing each and programming the 
added inputs to a “don’t care”. The AND/AND matrix is programmed one fuse at a time by addressing the term in 
accordance with Tabte II and fusing the input while applying the logic level desired to be active. See Figure 3. 


TABLE I! — ADDRESSES FOR PROGRAMMING PRODUCT TERMS 
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TYPES SN54S330, SN54S331, SN74S330, SN74S$331 
EXPANDABLE 12-INPUT, 50-TERM 


FIELD-PROGRAMMABLE LOGIC ARRAYS 


step-by-step programming procedure for AND matrix 


NOTES: 4, 


. If the input just programmed is to be 8 “don: 


. If Input L/OE Is to be used 83 8 dedicated package enable it must be programmed asa” 


Apply steady-state supply (Vcc = 5 V) and disable the outputs by applying 10.5 volts to the 12 data inputs. 
See Figure 3. 


Verify that the fuse link needs to be programmed. If not, proceed to the next term. 


Only one fuse link is programmed at a time. Address the term to be programmed by applying Vy and ViL to the 
Outputs in accordance with Table II. 


Apply the level to be true at the input to be programmed. 
Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5 V at which level verification can be 
accomplished. 


The data inputs may be taken to logic levels (to permit program verification) 10 us or more after Vcc reaches its 
steady-state value of 5 V. 


Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 7 for each input to be programmed. 


Voc should be removed between program pulses 10 reduce diss Dat-on and chip temperatures. Seo Figuro 3. 


2 core’ and is not being used to expand tho product term repeat steps 4 and 5 with 
the opposite logic level applied to the indut. Before changing the product torm address, program all inputs (A through L/OE for 
this product torm including all “don't cares” 


don't care’ by fusing both links at each of 
the 50 product term locations 


The OR (summing) matrix for each product term can be programmed immediately upon completion of the 12-wide 


AND/AND term associated with it; or, the entire AND/AND term matrix can be programmed for all 50 product terms 
before programming the summing matrix. 


Vee 


11 DATA INPUTS 


VERIFY fo HI-Z 


NEED TO 


REMOVE Voc 


TO REDUCE 
J. AVERAGE 
POWER 


1 
' 
bs. > le 210 js 
1 4 
: H 


(Pie es oe ae ee qa aa 
ocilan Mle: LINE ADDRESS INPUT | 
OUTPUTS Vod been eee J Lecce: 


as ech aa et $i eli m--- Vin 
INPUT BEING a A r 
PROGRAMMED H 
i Se a ae Ab ee oS i 
FIGURE 3 — AND MATRIX PRODUCT TEAM PROGRAMMING SEQUENCE 
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FIELD-PROGRAMMABLE LOGIC ARRAYS 


Programming the OR (summing) matrix 


Product term(s) Programmed into the AND/AND matrix can now be selected to provide a true logic level output. The 
true logic level output at Fg through Fg will be high if the output polarity fuses are intact, or Fg through Fe will be 
low if the output polarity fuses have been Programmed, or a combination of highs and tows if some of the output 
Polarity fuses have been Programmed. 


step-by-step programming procedure for OR matrix 
Programming the OR matrix consists of fusing (one at a time) those outputs (Fg through Fc) which are desired to be 
false in the addressed Product term. The procedure is: 
1. Apply steady-state supply voltage (Vcc = § V) and apply the unique product term. See Figure 4. 
2. Verify that the fuse link needs to be programmed. If not, proceed to the next fuse link. 


3. Only one fuse link is programmed at a time. Enable the term to be programmed by applying VO(pr) to the 
tirst output to be false in the Product term. 


4. Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


5. After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5 V at which level verification can be 
accomplished. 


6. Program verification can occur 10 us or more after VCC reaches its steady-state value of 5 V. 


7. Ata Y pulse duty cycle of 35% or less repeat steps 1 through 6 for each output to be programmed false for the 
active product term. 


NOTES. 2. Vee should be removed between program pultes to reduce dissipation ana chip temperatures, See Figure 1. 
8. If product 1e¢ms were axpanded to make then unique for programming purposes the product terma can be addressed and the 
added inputs can be removed by programming them to a don’: care” (fuse the remaining links), 


REMOVE Vcc 
TO REDUCE 
AVERAGE 

POWER 


cc 
So es ov 
VERIFY NEED TO ee 
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PROGRAMMED 4 ¢ 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 


EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 
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EXPANDABLE 12-INPUT, 50-TERM 


FIELD-PROGRAMMABLE LOGIC ARRAYS 
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APPLICATIONS 
The FPLA is efficiently suited for generating the sum of product terms which are normally required to implement: 


- Memory mapping/supplementat functions 
~ Random logic or function generators 

- Sequential controllers 

= Status decoders or result interpreters 


~ Priority encoders 


In addition, the FPLA introduces an alternative approach to the implementation of some code converters, pattern 
generators, and !ook-up tables which have commonly utilized PROMs and/or ROMs. 


MEMORY CONTROL/SUPPLEMENTAL FUNCTIONS 


The FPLA is ideally suited for implementing a wide variety of functions with respect to the control and/or 
supplementing of system memory capabilities. Some are: 


- Memory mapping 

- Microprogram control 
- Memory patch 

oa PROM extension 


The wide input capability of the 'S330/’S331 FPLA makes it ideal for decoding either a current memory address or a 
variety of status lines and generate a unique system control function. 


MEMORY MAPPING/MICROPROGRAM CONTROL (See Figure 6) 


These similar contro! functions utilize FPLAs which decode the assigned (mapped) addresses to accomplish system 
Memory management: and/or, the FPLAs decode the current system address/status and implement the hardwired jump, 
branch-to-subroutine, or starting address in the microprogram contro! memory. 


ASSIGNED OR 
STARTING 
ADORESSES 


MEMORY MEMORY 
ADDRESS 


REGISTER 


FIGURE 6 — MEMORY MAPPING/MICROPROGRAM CONTROL 
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TYPES SN54S330, SN54S331, SN74$330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


MEMORY PATCH/PROM EXTENSION (See Figures 7 and 8) 


These supplemental functions are cost-effective solutions for enhancing or upgrading existing memory systems or 
designs. Either the patch or extension can be used to correct existing deficiencies, to prioritize improved control over 
existing functions, of to extend the existing capabilities. Priority and source select can be programmed into the FPLA, 


ADDRESS 
ADORESS 


FIGURE 7 — MEMORY PATCH FIGURE 8 — PROM EXTENSION 


DIGITAL SEQUENTIAL CONTROLLERS (See Figure 9) 


This broad category of functions range from simple stand-alone machine controllers to the microprogram sequencing of 
any size computer or machine. The identifiable common denominator being that a sequential controller decodes a 
present state and generates the next state. Contrasted to a data processor or computer which generates information 
from operating on a word of data, the sequential controller generates information on a bit-by-bit basis. 


Sequences generated can range from simple counting schemes to arbitrary bit-by-bit generation of any unique output 
states. 


This application shows how the FPLA can simplify the implementation of a sequential controller. When the 
combinatorial logic of the FPLA is combined with the flexibility and synchronization of standard flip-flops in a 
feed-back loop, the full capability to generate a next state functional directive can be decoded from the present state: 
the outputs of the flip flops (present state) in conjunction with the status inputs. 


STATUS DECODERS/RESULT INTERPRETERS 


This broad category of functions, generally described as the elements which monitor the execution results of present 
instructions in sequential machines, can provide the decision-making hardware needed to both determine that the 
Present operation is complete and simultaneously generate the next starting address or state. The actual configuration 
varies widely, but one popular method is to configure the FPLA similar to that shown for memory mapping. 
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STROBE/ 
CLOCK 


STATE 
GENERATOR 
OR 
PIPELINE 
REGISTER 


‘276 
OR 
‘$374 


FIGURE 8 — SEQUENTIAL CONTAOLLER 


PRIORITY ENCODERS 


The unique properties of the FPLA’s capability to be programmed for decoding a number of product terms in virtaully 
any combination provides the user with the flexibility of identifying and implementing virtually any prioritized scheme. 


This option is normally available in any use shown for the ‘S330/’S331. 


RANDOM LOGIC OR FUNCTION GENERATORS 


The ‘S330/’S331 FPLAs provide the system designer with the options of reducing package count and/or system design 
time. Random gate logic can potentially be replaced at a package ratio of 12.5-to-1 up to 50-to-1 depending on the 
Particular system needs. Function generators can be programmed directly into the FPLA from simple truth tables. In 
addition to reducing design and production start-up time, this technique can reduce the direct and indirect costs 


associated with logic and package minimization processes. 
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EDGE-TRIGGERED FLIP-FLOPS 


BULLETIN NO DL § 7512350, OCTOBER 1975 


© Choice of 8 Latches or 8 D-Type Flip-Flops SN64S373....J PACKAGE 


Ina Single Package nT es ete 


@ 3-State Bus-Driving Outputs 

e Full Parallel-Access for Loading and Reloading 

e Buffered Control Inputs 

© Clock/Enable Input has Hysteresis to Improve 
Noise Rejection 

e P-N-P Inputs Reduce D-C Loading on 


Data Lines 
© Operates with outputs Enabled or at High Z 
SN74S373 
OUTPUT 
es ENABLE | ourpuT 
CONTROL G 
L H H H logic. see function table 
H L L 
Lt x 
x x 


SN64S374... 3 PACKAGE 
SN74S374...J OAR N PACKAGE 
(TOP VIEW) 


OUTPUT 
CONTROL 
L 


CLOCK 


L 
L 
Lal 


Qo = the level of O defore the indicated stead-siate input conditions 
were established, 

H ® high level 

L & low level 

Hi-Z & high impedence 

XB Irrelevent 

ft © transition from low 10 high level 


ComTaay 


logic: see function table 


description 


These @-bit registers feature totem-pole 3-state outputs designed specifically for driving highly-capacitive or relatively 
low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these registers with the 
capability of being connected directly to and driving the bus lines in a bus-organized system without need for interface 
or pull-up components. They are particularly attractive for implementing: 


Buffer Registers 
1/0 Ports 
Bidirectional Bus Drivers 


Working Registers. 


The SN54S373 and SN74S373 are transparent D-type latches meaning that while the enable (G) is high the Q output 
will follow the data {(D) input. When the enable is taken low the output will be latched at the data that was setup. 


re SSSA 
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TYPES SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 


SSS 


description (continued) 


The SN54S374 and SN74S$374 are edge-triggered D-type flip-flops. On the positive transition of the clock the Q output 
will be set to the logic state that was setup at the D input. 


Schmitt-trigger buffered inputs at the enable (S373) and clock (‘S374) lines simplifies system design as a-c and d-c 
Noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be 
used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state (Hi-Z). 
In the Hi-Z state the outputs neither load nor drive the bus line significantly. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vec (see Note 1) » av 
Input voltage 5.5V 
Off-state output voltage eo Ma oe Boe Awe Wie a ek ee, AS 2 at Be 4 5.5V 
Operating free-air temperature range: SN54S373, SN54S374 ah gis yok ee ee) 655°C t0 128°C 

SN74S373,SN74S374. . ww ww we ee ee ee °C 1070°C 


Storage temperature range -65°C to 150°C 


NOTE 1. Valtage values are with respect 10 network ground terminal. 


recommended operating conditions 


SN64S373, SN54S374 $N74S373, SN74S374 a | 


AX MIN NOM MAX 
Supply voltage, V, 45 5 5.5 
cc 
[ Honevel output votawe Von Cid 
2 65 [ ma_| 


High-level output current, 10H 


Width of clock/enable pulse, tw 


Date setup time, tw 


Th The arrow Indicates the transition of the clock/enebie Input used for reference. f tor the low-to-nigh transition, | for the high-ta-low trensit- 
ion, 


eS 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE MOX S012 « DALLAS TENG 75222 


2? 


TYPES SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS? MIN Tret MAX UNIT 


High-level input voltage 


Low-level input voltage 


Input clamp voltage 
High-level output voltage 


Vec = MIN, 


Low-level output vottage 
re ° Vit = 0.8 V, 


Off-state output current, Veco = MAX, 


high-level voltage applied Vor24Vv 
Off-stare output current, Vec = MAX, 
low-level voltage applied Vo: 05V 


Input current at maximum input voltage Voc" MAX, 


High-level input current Vec = MAX, 


Low-level input current 
Short-circuit output cursent§ 


Supply current 


TF or conditions shown as MIN of MAX, use the appropr-ate value specified under recommended operating conditions 
1 Ai typical values are at Voc * SV. Ta = 25°C. 
S Not more than one output should be shorted at a tne and duration of the short circuit test should Not exceed one second, 


switching characteristics, Vog = 5 V, a 25°C 


FROM ‘sa7a | ‘sav 
PARAMET TEST CONDITIONS NIT 
(INPUT) reuse ie MIN TYP _MAX [MIN TYP MAX |” 


CL 7 1S pF, RA, * 28082, 
See Note 


Clock or 
enable 
Output 
Control 


Output CL 25pF, RAL 228082, 


NOTE: ftoyg, if tested with all outputs loaded. 


tran 2 maximum ciock frequency 

tPLH E propagation delay time, low-to-nsgh level 
IpHL | Propagation delay time, high-to-low levet 
1ZH © outwut enable time 10 high level 

tz. & output enable 1ime to low level 

tHZ @ output disable time from high level 

tLz & output dissble tlme from low level 
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TYPES SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 


EDGE-TRIGGERED FLIP-FLOPS 


APPLICATIONS 


BIDIRECTIONAL BUS DRIVER 
OuTPUT 
CONTROL? 


BIDIRECTIONAL 


BIDIRECTIONAL 
OATA BUS DATA 8US2 
OuTPUT QuTPUT 
cLOCM 1 cL.ocaa2 
OuTPUT 
CONTROL? 
ourpur 
c.oca * 


ie a Oe 

EXCHANGE 

CLOCK ourrur “ =| i 
CLOCK 2 


CLOCK CIRCUIT FOR BU8 EXCHANGE 


EXPANDABLE 4-*WORD SY OBIT GENERAL REGIOTER FILE 


- 


ENABLE SELECT { 


172 On 74siFe 


Tr carsal asicme op respons Belety is ashes 
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TTL TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 


BULLETIN NO. DL S 7512351, OCTOBEA 1975 


P-N-P Inputs and 3-State Outputs Maximize SN54S412... J PACKAGE 
\/O and Data Bus Capabilities SNTSSa1 2322 OR.N EACKAGE 


(TOP VIEW) 
e Data Latch Transparency Permits 


Asynchronous or Latched Receiver Modes Cu our ww our out ay ouletan st? 
e Mode and Select Inputs Permit Storing 
With Outputs Enabled or Disabled 
e Strobe-Controlled Flag Flip-Flop Indicates 
Status or Interrupt 


e Asynchronous Clear Sets All Eight Data 


CO? O13 DU O14 DOE 
} 


Lines Low and Initializes Status Flag 
e High-Level Output Voltage, Typically 4 V, 
Drives Most MOS Functions Directly 


© Direct Replacement for Inte! 3212 
or 8212 loge: see function toble 


description 


This high-performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and 
an edge-triggered status flip-flop designed specifically for implementing bus-organized input/output ports. The 
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to 
receive or transmit data. An integral status flip-flop provides package busy or request interrupt commands. The outputs, 
with a 4-volt typical high-level voltage, are compatible for driving low-threshold MOS directly 


DATA LATCHES 


The eight data latches are fully transparent when the internal gate enable, G, input is high and the outputs are enabled 
(OE = H). Latch transparency is selected by the mode control (M), select (S1 and $2), and the strobe (STB) inputs and 
during transparency each data output (DO;) follows its respective data input (D1;). This mode of operation can be 
terminated by clearing, de-selecting, or holding the data latches. See data latches function table. 


MODE SELECTION 
An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight data 


tatch inputs are enabled when the strobe is hign regardless of device selection. If selected during an input mode, the 


outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most-recently setup 
data. 


in the output mode, M =H, the output buffers are enabled regardless of any other control input. During the output 


mode the content of the register is under control of the select (S1 and $2) inputs. See data latches function table. 


STATUS FLIP-FLOP 


The status flip-flop provides a low-level output signal when: 
a. the package is selected 


b. a strobe input is received. 


This status signal can be used to indicate that the register is busy or to initiate an interrupt type command. 


a] 
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TYPES SN54S412, SN74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 


functional block diagram 
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EQUIVALENT OF CLEAR, STAOBE, 
MODE, S1, AND S2 INPUTS 


Vec = 


OUTPUT 
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DATA LATCHES FUNCTION TABLE 


DATA IN DATA OUT 
x 


De-seleet 


Data Bus 


Data Bus 


rxrjrtrzrrmx x*jr 
xm or;x xir x) xIr x 
Ierj|xIlIeryM eK) mM MIX 


H & high level (steady state) 

L slow level (steady state) 

XK Sirretevant (any input, including transitions) 
Z = high impedance (off) 

} Stransrtion trom low to high level 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) . 7M 
Input voltage Bh Se ees cae Tink pa? etal ates ; 5.5V 
Operating free-air temperature range. SN54S412 . . -55°C to 125°C 

SN74S412 . . . . OC to 70°C 
Storage temperature range . cn 2, 2 5KE . .—65°C to 150°C 


NOTE 1: Voltage values are with respect to Network ground terminal. 


recommended operating conditions 


Supply votrage, Voc 


STB or 1+ S2 


Setup time, ty (see Figure 3) 


Hold time, th (sve Figures 1 and 3) 
= 


4 The arrow indicares that the falling edge of the clock pulse it used for reference. 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


t UNIT 
PARAMETER TEST CONDITIONS MIN anes MAX | MIN [__savisel2 —_] MAX 


7 Eananetinpar valle a es LY 
[ v_| 


=MIN t= =18mA 
Fs =MIN, Vipe2v, 
Se se ours ileee Vint OBV. lo —1 ma oo 


Low-level output voltage 


Olf-state output current, 
'o2H 


high4evel voltage applied 


Off-state output current, 
low-level voltage applied 


Input current at 


Veco = MAX, Vj) =5.5V 


maximum input voltage 


Veco 2 MAX, Vy "0.4V 


Voc = MAX, see Note 2 


‘For CONditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 


lec Supply current 


Ai iypical values are at Veo SV, Ta 228°C. 
Sot more then one output should be shorted at a time. 
NOTE 2. Icc is measured with all outputs open, clear input at 4.5 V, and all other inputs grounded. 


switching characteristics, Vec=5V. Ta= 25°C 
| FiGURE | TEST CONDITIONS MIN TYP MAX | UNIT 
18 27 


tPLH SPropagation delay time, low-to-high-level output 
'PHL ‘@ Propagation delay time, high-to-low-level output 
t2H @ output enable time to high level 

tZL Moutput enable time to low level 

lH Zz Output disable time from high level 

'LZ @ Output disable time from low level 
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PARAMETER MEASUREMENT INFORMATION 


25V 
DATA INPUT 
ov 
ey 25V 
STB OR $1-S2 
ov 
VoH 
DATA OUTPUT 
Vou 
25V 
CLEAR INPUT 
ov 
Soe ag a ee a Vou 
DATA OUTPUT sv 
Vou 
25Vv 
DATA INPUT 
ov 
a 25V 
STB OR 51-S2 


DATA OUTPUT 


25V 
STROBE 
ov 
= 2.6V 
$1-s2 
- ov 
{ twiset-le— oh 'PLH 
VoH 
INTERRUPT OUTPUT J 1SV 
om HL Pree von 


51-82 1sv 15V 

! 

7 ov 
DATA OUTPUT 
(HIGH STORED) i 15Vv F 

— tO0V 
rm *48V | 

DATA OUTPUT sv \ 0.6V 
(LOW STORED) ; 


FIGURE 6 — SELECT TO DATA OUTPUT 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


BULLETIN NO. OL S 7612468, OCTOBER 1976 


© Designed to Be Interchangeable with Intel 8228 


and 8238 


DESIGNATION 


OO thru 07 
DBO thy 087 


10. 


2 


PIN DESIGNATIONS 


FUNCTION 


17, 12, 10, BIDIRECTIONAL DATA PORT 
9, 21, 8 |(TO TMS 8080A) 


. 11, 9, |BIOKRECTIONAL DATA PORT 
18, 20, 7 {(TO SYSTEM BUS) 


READ OUTPUT TO 1/0 
{ACTIVE LOW) 
WRITE OUTPUT TO 1/0 
READ OUTPUT TO MEMORY 


INPUT TO INDICATE 
TMS 8080A IS IN INPUT 


FROM TMS 8080A 
INPUT TO INDICATE 
TMS 8080A IS IN WRITE 


N PACKAGE 
(TOP VIEW) 


OCsmtC lamal Dara PORTE 


oo 
MODE {ACTIVE HIGH) ot 
0. 
TMS 80804 D3 BIO AEE ONAL SYSTEM 
vo vo 
HOLO ACKNOWLEDGE pata pont} PF TRANSCEIVERS ‘foararont 
INPUT (ACTIVE HIGH) Ga 
07 


MODE (ACTIVE LOW) staost Meng STATUS 
SYSTEM DATA PORT Inrur 

ENABLE INPUT (ACTIVE 

LOW) oBIN 
SYNCHRONIZING STATUS u conitaeit 
STROBE INPUT FROM wa pEcouING 
SN74LS424 (TIMB224} itis 


Yec* PIN (78), GND @ PIN 114) 


description 


These monolithic Schottky-clamped TTL system controllers are designed specifically to provide bus-driving and 
peripheral-control capabilities for interfacing memory and I/O devices with the 8O80A in smal! to medium-large micro- 


computer systems. 


A bidirectional eight-bit parallel bus driver is provided that isolates the 80B0A bus from the memory and |/O data bus 
allowing the system designed to utilize cost-effective memory and peripheral devices while obtaining the maximum 
efficiency trom the microprocessor. The TTL system drivers also provide increased fan-out with a lower impedance 


that enhances noise margins on the system bus. 


Implementation of the status latches and control decoding array of the SN74S428/SN74S438 pravides for using 
either a single-level interrupt vector RST7 for small systems, or muiltiple-byte call instructions for systems needing 


untimited interrupt levels. 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


description (continued) 


With respect to the system clocks, the SN74S$438 is configured to generate an advanced response for !/O or memory 
write Output signals to further simplify peripheral control implementation of complex systems. See Figure 3. 


8-bit parrallel bus transceiver 


The 8-bit parallel bus transceiver buffers the BOBOA data bus from the memory and 1/O system bus by providing 
one port (DO through D7} to interface with the 8O80A and another port (DBO through DB7) to interface with the 
system devices. The 8OB0A side of the transceiver is designed specifically to interface with the microprocessor data 
bus ensuring not only that the processor output drive capabilities are adequate, but also that the inputs are driven 
with enhanced noise margins. The system bus side features high fan-out buffers designed to drive a number of system 
devices simultaneously and directly. The system port is rated to sink ten milliamperes of current and to source one 
milliampere of current at standard fow-threshold voltage levels. 


Status lines from the BOBOA instruction-status decoder and the system bus enable input (BUSEN) provide complete 
transceiver directional and enable control to ensure integrity of both the processor data and the system bus data. 


status latches 


During the beginning of each machine cycle, the six status latches receive status information from the BO80A data 
bus indicating the type of operation that will be performed. When the STSTB input goes low, the latches store the 
Status data and generate the signals needed to enable and sequence the memory and I/O control outputs. The status 
words and types of machine cycles are enumerated in Table A. 


TABLE A — STATUS WORDS 


60804 ’ i 
STATUS TYPE OF S420 /'s438 
STATUS OUTPUT COMMAND 
WORD MACHINE CYCLE 
o2 O4 = =DS 07 GENERATED 
Instruction fetch 


Memory read 
Memory write 


8 


Stack read 

Stack write 

Input read 

Output write 

Interrupt acknowledge 

Halt ecknowledge 

Interrupt acknowledge at halt 
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STACK|/rF re rrr rreere 
HLTAITZT rer r rer eer 
MEMA {re rere r rexr8s 


STATUS INFORMATION 


decoding array 


The decoding array receives enabling commands from the status latches and sequencing commands from the BOBOA 
and generates memory and I/O read/write commands and an interrupt acknowledgement. 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


ees 


description (continued) 


The read commands (MEMR, VOR) and the interrupt acknowledgement (INTA) are derived from the status bit(s) 
and the data bus input mode (DBIN) signal. The write commands (MEMW, I/OW) are derived from the status bit(s) 
and the write mode (WA) signal. (See Table A.) All control commands are active low to simplify interfacing with 
memory and I/O controllers. 


The interrupt acknowledgement (INTA) command output is actually a dual function pin. As an output, its function 
is to provide the INTA command to the memory and I/O peripherals as decoded from the status inputs and latches. 
When CALL is used as an interrupt instruction, the SN74S428/SN74S$428 generates the proper sequence of control 
Signals. Additionally, the terminal includes high-threshold decoding logic that permits it to be biased through a one- 
kilohm series resistor to the 12volt supply to implement an interrupt structure that automatically inserts an AST7 
instruction on the bus when the DBIN input is active and an interrupt is acknowledged. This capability provides a 
single-level interrupt vector with minimal hardware. 


The asynchronous bus enable (BUSEN) input to the decoding array is a control signal that protects the system bus. 
The system bus can be accessed and driven from the SN74S$428/SN74S428 controller onty when the BUSEN input 


is at a low voltage level. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage. Vcc (seeNotet) 6 2 LTV 
Input voltage Bin tea? Ma Pat Am lady Veil Jer eas foe thie es ca OE BS hae Se Bike Seta? aa” Dav gis ee AEN 
0°C to 70°C 


Operating free-air temperature range 


Storage temperature range . -65°C to 150°C 


NOTE 1 Voltage values are wiih respect to network ground terminal. 


recommended operating conditions 


Supply voltage. Voc 4.75 5 5.25 


eve cuspey current 10t4 Cs 
D0 tw D7 HH] ma | 


Status strobe pulse width, ty(STSTB) (see Figure 3) ; 22ts—CS~—szY 


Status inpu 00 thru D7 Pp std 
Setup time, tsy (see Figure 3) Systern bus inputs to HLDA | wm =~ —™T 
Starusinpua OOtmuo7 [5 
Hold time, th (see Figure 3) System bus inputs to HLDA | 20) < =e | 


Operating free-air temperature, Ta 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Vin Hightevel input voltage re ee 
Vit___Lowdevel input voltege re Se a 08 
ViK Input clamp voltage Vec ~ MIN. 1) -SmA 


=) 
High-level 1 00 thru O07 Veco 7 MIN, Vin=2V, 36 4 
v igh-level output volt 
VoL Lowdevel output voltage 


Off-state output current, 


' 
O2ZH  pigh-tevel voltage applied 


Otlstate output current, 
loze Vee # MAX, Vo =045V -100 


low4evel voltage applied 
INTA Voc + MIN, See Figure 1 Ss | ma | 
DOthu D7? ‘| 20 


Vv, = MAX, Vv, 5.25 V uA 
i 


‘iH High-level input current 


he Low-level input current i i 


los Short-circuit output currents 


'cc 


Supply current 


TE or conditions shown as MIN of MAX, use Ihe appropriate vatue twecified under recommended Operating cond ions 
tan typical values are at Voc) SV. TA 25 C. 
S Not more than one output should be shorted at a time 


switching characteristics, Vcc = 5 V, Ta = 25°C, see figure 3 


ROM T 

PARAMETERS 

| panameren’ | rte ‘OuTeUT) TEST CONDITIONS MIN TYP MAX J UNIT 
‘STB 


[eg [bos 07] 080 ar 087 | Cee Fe [ST 
[PD | (80 thru O87 00 thru 07 CL+25pF,  SeeFiquez | 30 | 
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CL - 100pF, See Figure 2 


DO thru D7 
CL 25pF, See Figure 2 


P80 
fe eg rte 
fe aa 
pe 
ae 
CL= 100pF, See Figure 2 
aaa 

$ pp = Propagation delay time 

IPHL = Propagation delay time, high-10low-level ouput 

IPLH = Propagation delay time, low-to-high-level output 

'p2— = CutpuUl enable time from high-Impedance state 

tpx 2 = output ditabla time to high-impedance stato 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


PARAMETER MEASUREMENT INFORMATION 
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FIGURE 1-INTA INPUT CURRENT FIGURE 2—SWITCHING CHARACTERISTICS 
LOAD CIRCUIT 


TEST CIRCUIT 
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NOTE A: Advanced response of 1/OW or MEMW for the SN745438 is Indicated by the dashed line. 
FIGURE 3- VOLTAGE WAVEFORMS 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 


TYPICAL APPLICATION DATA 


ign ESS 
Vec sv) 
Vege (-5 VI 


128) 


cc 


SN74(S424 
(T1mB2724) 
AL 


ae 
GENERATOR 
ose ORIVER 
o2 TTL 


SYNC 


RESIN C RESET 
ROYIN q READY 


| 
‘ 
> 
@ 
< 
i) 
o 
« 
9 
g° 
fe] 
f) 
< 


“$428 S438 O80 
pi (TIMa228/ 116) 
T1MB238) on 


9900 
ans 


wD MIC Cw 5) DATA 


aut ry oes BUS 
tmamctvis Oo Te) 


CONTAOL 


Many sa] =, 
Olu: sal (25) Bus 
O vow P22 OR 
ma 
ao 
26 | 
pin | 
P21 | 
130) | 
Hina 
paz 
[33 
pia | 
Pin | 
[uo 5 | 


SYSTEM DMA REQUEST 
SYSTEM INTERRUPT REQULST 


INTEARUPT ENABLE A7 | apoatss 


Ag BUS 


A10 
a 
az 


Ay 
aw 


Als 


FIGURE 4—-SYSTEM INTERFACING WITH CENTRAL PROCESSING UNIT 
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© 4-Bit Slice is Cascadable to N-Bits SNS4S482 .. . J PACKAGE 
SN74S482 .. . J OR N PACKAGE 


(TOP VIEW) 


® Designed Specifically for Microcontroller/ 
Next-Address Generator Functions 

© Increment/Decrement by One (Immediate or pace abil 
Direct Symbolic Addressing Modes) TE 

© Offset, Vector, or Branch (Indexed or Relative 
Addressing Modes) 

® Store Up to Four Returns or Links (Program 
Return Address from Subroutine) 

© Program Start or Initialize (Return to Zero 
or Clear Mode) 

® On-Chip Edge-Triggered Output Register 
(Provides Steady-State Micro-Address/ : SI, Cot Cw SI, ASA? Al, GND 
Instruction) SEL INPUTS SEL INPUTS INPUTS, 

. peered PR re Package positive logic: See function table. 


description 


The 'S482 is a high-performance Schottky TTL 4-bit-slice control element for use in any computer/control application 
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice 
expandability. When used as a next-address generator, two ‘S482 elements can address up to 256 words of 
microprogram; three elements can addresss up to 4096 words of microprogram; or a number of ‘S482 elements can 


generate N words in multiples of four tines. 


Comprised of an output register, push-pop stack, and a full adder, the ‘S482 provides the capability to implement 
multiway testing needed to generate or to determine and select the source of the next function of microprogram 


address. 


functional block diagram 
CLOCK CLEAR 


CARRY INPUT 
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IN 
4sBIT 
FULL Ij DATA 
ADDER out 
STACK 
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TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 


output register and source functions 


The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous 
clear extends the multiway testing to directly implement system initialization at ROM address zero. 


Two source-select lines (S5, S6) provide the output register with access to either the current instruction (no change), 
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in address 
Port. The sources and functions are summarized in Tables | and I. 


TABLE |. REGISTER-SOURCE FUNCTIONS 


eae REGISTER INPUT SOURCE 


DATA-IN PORT (Di) 

FULL ADDER OUTPUTS (Zi) 
PUSH-POP STACK OUTPUTS (Qi} 
REGISTER OUTPUTS (HOLD) 


HE — 
L H 
H L 
H H 


4 om high level, L = low level 


TABLE I, PUSH-POP STACK CONTROL AND REGISTER-SOURCE FUNCTIONS 


ee ae eee 
52 ses | se [euocK [CUEAR 


HOLD 
CLEAR 


PUSHPOP 
STACK 
“HOLD” 


PUSH-POP 
STACK 
“LOAD” 


PUSH POP 
STACK 
“pop” 


PUSHPOP 
STACK 
“PUSH” 


mse LsB Fi = Device outputs 
6m3, 2, 1, 0 FIO & the level of Fi before the indicated input 
Al & Data Inputs conditions wer: ablished. 
QIA © Push-pop stack word A output linterna!) Lis Adder outputs (internal) 
QIAO 3 the level of Qi before the indicaied *QiB, GiIC, AiO do not change 
Inputs conditions were established TQIDO — AID. AIDO — Gic, Aico — Ais, AIBO— AIA 
taiao — O18, algo — Qic, Aico ~ alo 
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TYPES SN64S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 


SS 


Push-pop stack control 


The 4-word push-pop stack can be used for nesting up to four levels of program or return (link) addresses. In the load 
mode, the first (top) word is filled with new data from the output of the full adder, and no push occurs meaning that 
Previous data at that location is lost. However, all other word locations in the push-pop stack remain unchanged. In the 
Push mode, the new word is again entered in the first (top) location; however, previous data residing in the top three 
words are pushed down one word location and retained at their new locations. The bottom word is written over and 


fost. 


In the pop mode, words in the push-pop stack move up one location on each clock transition. A unique function Is 
Provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions, 
all words in the stack are filled with the operand/address that occupied the bottom register. 

The operand/address will remain available indefinitely if stack functions are limited to the pop or hoid modes. 

The push-pop stack functions are shown in Tables I] and If. 


TABLE IIt. PUSH-POP STACK FUNCTIONS 


OUTPUT 


8ITO 
i oe eee ise 
Nn > > 
iT 
eine is aide aido aiso gat 
ors [roe [a] |e [oc [one ou [on oo 


link operations show Orevious data location efter clock transition, 


full adder 
The four-function full adder is controllable from select inputs S1 and S2 to pertorm: 
A or B inerementation, or decrementation of B 
Unconditional jumps or relative offsets 
No change 
Return to zero or one 


Incrementation can be implemented by forcing a carry (high) Into the ALU. In this mode either of the following options 


are possible: 
i, Increment (A plus zero plus carry) 
2. Increment 8 (zero plus 8 plus carry}, or decrement B (all highs at A then A plus 8 with carry input low and 


disregard, don't use, carry out) 


3. Increment the jump or offset (A plus B plus carry) 


SS a SS 
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full adder (continued) 


4. Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B 
plus carry), or set register to N and decrement B (see 2 above). 


5. No change (carry input is always active and removal of carry combined with either the ALU or register hold 
mode will retain the current address). 


Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the 
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with 
carry low. 


The ALU functions are shown in Table IV. 


TABLE tV. AODRESS CONTAOL FUNCTIONS 


[si [sz_| Ei 

| 4 | H | oPLUSOPLUSCin 
[ 4 | 

pt | 


INTERNAL 


Lt |  OPLUS Bi PLUS C-in 
L H Ai PLUS O PLUS C-in 
l L | _ Ai PLUS Bi PLUS Cin 


compound generator functions 


As the function-select lines of the register sources, push-pop stack, and adder are independent, compound functions can 
be selected to occur on the next clock transition. 


Subroutine branches and returns can be simplified by saving the return or link addresses »n the push-pop stack. This 
branch-and-save function can be accomplished on the same clock time as follows: 


DATA.-IN ADDER PUSH-POP STACK REGISTER SOURCE 
Branch address Zero plus B plus one Push Oata-in 
(S1<H,S2=L) {S3.=S4 =H) {SS = S6<L) 


Up to four branches can be made with the return stored in the 4-word push-pop stack. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Voc (see Note 1) Os a mle ah, os fee te Tecan Se He . . 7M 
Inputvoltage . . . . . 1... er ee ae eh 7 pho os phew ors +» §.5V 
Off-state outputvoltage . 2... 1... wee ohn eh SE a F ge Silas Ga, as “SLEEV: 
Operating free-air temperature range: SN54S482......2.~2.202.~. . 2 oe eee 4 =55°C to 125°C 

SN74S482.. . . . , : . . OC to 70°C 
Storage temperature range. . as . 3 a ee » . .-65°C to 150°C 


NOTE 1. All voltage values are with respect to network ground terminal. 


—————_—_—_—_—_—————_—_—_—_—_—_—_——_—_—_—_—_—_—_——— 
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recommended operating conditions 


Carry output po 


Carry output 


| 


Supply voitage, V, 


High4evel output current, [oH 


Low-level output current, OL 


Data-in, $5, S6 


Daten via adder 


3 
S{Sjs 
cS) 
S/Sjs 


Cleor-inactive state 
Clock thigh oF low) Posoo 


Clear (low) 


Date-in via adder 15t 


Operating free-air temperature, Ta 55 125 ° 25 70 | °c | 


trne arrow indicates that the rising edge of the clock pulse is used for reference, 


Pulse width, tw 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Vink ___Highdevel input voltage ae 


Low-level input voltage 


Vik __Input clamp voltoge Vec = MIN, he-temat 12 | 


os a ; Vec = MIN, Vine2v, 
OH High-level output voltage ViL = 08 V, lon = MAX 


Voc = MIN, Vin=2V, 
VOL Low devel output voltage Vip 20.8 V, lo. = MAX 


t Input current at maximum input voltage Voc = MAX, Vp *55V 


High devel 


1 
1H input current 


Low-evel 


NL 


Input current 


TFor conditions shown as MIN or MAX, use the appropriate value mecified under recommended operating conditions. 
1 All typical vatues are st Vee @ 8 V, Ta = 28°C. 
§ nor more than one output should be shorted at a time. 
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switching characteristics over recommended operating ranges of Ta and Vcc (unless otherwise noted) 


SN54S482 SN74S482 
PARAMETER TO TEST CONDITIONS MAX UNIT 


MIN TYPf MAX | MIN TYPf 

DATAOUT 3-24 = | 

a ee ee 

CLEAR CLs 186F, = 

Re ee EE 
CARRY IN CARRY OUT Ry = 2802 

Se eS a ES 

DATA IN CARRY OUT 

ae a ee ee 


Tau pica) velues are at Voc #5 VTA = 25°C. 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 


J ceramic dual-in-line package 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, 20-, or 24-lead 
frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 
0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ('bright-dipped’’) teads (—00) require 
No additional cleaning or processing when used in soldered assembly. 


16-PIN J CERAMIC 


© 789 12001 
omit 


®O@O8O990 


—-———. ~ 


00251063) ANOM 


! oslo em 
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1 079017 36) 
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i | 0 245 16 22) OdO® OOOO 
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“4 i Do Tia AOD ms 007011 FE MAX EPL ACES, 
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: SEATING PLANE 
Pa 4 oar010$11 00300 761 MIN 
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Yu, Dota io 26) 0130/3 30 : "0022 10 saan 
= 600810 703 wis. 5 4! 16 PLACES 
Neecacis Yigal 01510 341) 
D012 10 3od wy 
aPcacts a daras 
PIN SPACING 6 10017 Sa) TF r pa EASES 
(See Note By 


*For memories of 64 bits and up anc a few MSI/LSI products in Series 54/74 ang Series 548/745 that 


are dorived from memory ciccuit bars, thes maximum is O 300 (7.62) All other dimensions apply 
without modilication 


20-PIN J CERAMIC 


0973 (2477) 
0.990 179.62) 


PO OOOOOO OE 


0 075 (0.63) R NOM 


0310 (7.88) 
(0780 17,38) 


© 300 (7.671 


apes eth OOOO OOOOO® 


0020 10.511 9070 11,78) MAX 7D PLACES 
0.080 (1.27) NOM rr 


GLASS 
0 700 15.08) SCALANT 


wax 

cox —— SEATING rt be 
© 130 13.301 

“ 


MIN 
20 PLACES 


0.030 10 761 MIN 
16 PLACLS 


0.014 10.356, 
sell 0.008 10.2031 rere $023 Oa 7OPLACES 
4 PLACES 
0.050 11,27) 


0.035 10,39) 4 PLACES 


PIN SPACING 0 10017,54) T P 
{See Now b) 
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J ceramic dual-in-line packages (continued) 


24-PIN J CERAMIC 


— 1299: 77, 
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See Nore Bt 


Falls veithin JEDEC MO-015AA aimensions 


All dimensions are snown In inches (and parentnetically in millimeters for reference only). inch dimensions govern. 
Each pin centerline is located within 0 010 (0.26) of its true longitudinal position 


NOTES. a. 
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N plastic dual-in-line packages 


These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 20-, or 28-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deforma- 
tion and circuit performance characteristics remain stable when operated in high-humidity conditions, The packages are 
intended for insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed 


and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no addi 
tional cleaning or processing when used in soldered assembly 


16-PIN N PLASTIC 


0070122,1) Max 


POQOQOQ 


17,62 > 0,20) 
0750: 0010 
16,38 0.26) 
0.080 (2.031 NOM 


fa 1 


0.010 10,25) KOM 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 


N plastic dual-in-line packages (continued) 
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NOTES. 


This dimension aoes not apply for solder-dipped leeds. 
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All dimensions are shown In Inches (and parenthetically In millimeters for reference only). Inch dimensions govern, 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 


W ceramic flat package 


These hermetically sealed Hat packages consist of an electrically nonconductive ceramic base and cap, and a 14-, 16-, or 
24-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (“‘bright-dipped’’) leads (—00) require no 
additional cleaning or processina when used in soldered assembly. 
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